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PREFACE. 

TH E ftudy of nature, of, in other 

words, a ferious contemplation of 

the works of God, is certainly one 

of the mod: plealing and ufeful, as 

well as moil extenfive kinds of knowledge. 

It is indeed the great and proper objedt of 

our rational faculties; for furely we cannot 

employ our reafon better, than in endeavour¬ 

ing to make ourfelves acquainted with the glo¬ 

rious works of that Being, to whole goodnefs 

we owe our own. 

Natural Philofophy is now fo greatly im¬ 

proved in all its leveral branches, that few 

perfons, who have had the happinefs of a libe¬ 

ral education, are wholly unacquainted with 

the value of it. But prejudice is fo prevalent, 

that we are apt to form an abfolute judgment 

of the works of nature from outward appear- 

A 3 ances 



PREFACE. 

ances only; and fo imagine, that the mod 

grand and magnificent parts of the creation- 

are moft perfedt, and for that reafon mod 

worthy of our regard. The fplendor of the 

fun is vifible to every eye, and we need only 

look upwards in order to be convinced, that 

nothing lefs than an infinite power and wif- 

dom could fird create the univerfe. What,, 

but an Almighty hand, could raife fuch a 

glorious canopy as that of the heavens, fo richly 

adorned with dars ? Or dretch out fuch a fpa- 

cious area, as this terraqueous globe on which 

we tread, and fail; and which is furnifhed 

with every thing that is neceffary for our fup- 

port or happinefs ? And indeed thefe great 

truths are fo very obvious to the lowed capa¬ 

cities, that few perfons pretend to difpute 

them; but then it mud likewife be owned, 

that men are generally apt to confine their 

attention to the mod fhining parts of philofo- 

phy, and fo treat every thing elfe with cool- 

nefs and indifference, and even with fome degree 

of contempt. But furely a true philofopher is 

one, who diligently purfues the dudy of na¬ 

ture, in all its feveral branches; who can be¬ 

hold with admiration her nobled produ&ions, 

and yet view with pleafure the {mailed of her 

works; 

OS’ ’ 
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works; in fhort, one who thinks every thing 

excellent, that owes its formation to her fkil- 

ful hand. Nor is this a forced and imaginary 

defcription, but a real character; and we need 

only take a tranlient view of fome of thofe 

creatures, with which all parts of the earth are 

fo plentifully ftored, in order to be convinced 

of the juftnefs of it. For whether we regard 

their elegance, and beauty; or confider their 

fitnefs to anfwer thofe purpofes, for which they 

were defigned; in both thefe refpeds we fhall 

find, that the „ fmallefi: creatures are perfed in 

their kind, and carry about them as ftrong 

marks of infinite wifdom and power, as the 

greateft. How many curious animals inhabit 

the air, and what numbers traverfe the deep 

waters ! The whole earth is full of life ; there 

not being a fingle tree, plant, or flower, but 

what affords food and fheiter to a fpecies of 

inhabitants peculiar to itfelf. And then if we 

call in the afiiflance of art, what a new fcene 

of wonder opens to our view ? What an infi¬ 

nite variety of living creatures prefent them- 

felves to our fight ? Indeed their extream mi- 

nutenefs may at firffc feem a jufl: argument for 

that low opinion, which too many are apt to 

entertain of them; however, if we examine 
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them with clofenefs and attention, we fhali 

fcon difcover their divine original. We fhali 

then furvey with admiration the wonderful 

art and mechanifm of their drudure, wherein 

fuch a number of veffels, fluids, and move¬ 

ments, are collected into a fmgle point, and 

that often invifible to the naked eye. What 

a profufion of the riched ornaments, and gayed 

colours, are frequently bellowed upon one lit¬ 

tle infed ! and yet there are millions of others, 

that are as beautiful and wonderful in their 

kind. Some are covered with fhining coats of 

mail 5 others adorned with plumes of feathers; 

and all compleatly furnifhed with thofe wea¬ 

pons, that are mod proper for defending them- 

felves, as well as attacking their enemies. In 

fhort, the more we enquire into nature, the 

more excellent fhe appears, and we fhali con- 

dantly find, that the beauty of her works will 

gradually rife in proportion to our knowledge 

of them. There is no fuch thing as meannefs 

in any of her produdions 5 fome indeed may 

be more grand, and happen to drike our fenfes 

more drongiy than others, but all are perfed 

in the highed degree. 

If then a Tenons contemplation of the works 

of God, may judjy be confidered as an excel¬ 

lent 
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lent kind of knowledge, and worthy of our 

purfuit; and if all thofe works, though diffe¬ 

rent in degrees of fplendor, are dill perfedj 

it is hoped, that an humble attempt to im¬ 

prove, and encourage the dudy of any branch 

of Natural Philofophy, will not be unaccep¬ 

table to the public. And fmce the knowledge 

of the microfcope has always been looked upon 

as no inconfiderable branch of Natural Philo¬ 

fophy, and as that part of it has particularly 

fallen within the compafs of my dudies, I 

have made it the fubjed of the following trea- 

tifej a fubjed, which has fo often employed 

the mod learned men, that it can hardly dand 

in need of an apology for the choice of it. 

In this edition is given a defcription of feve- 

ral new and valuable difcoveries. 

I. The new variable microfcope, which is 

both dngle and compound. 

II. A benedcial improvement of the folar 

microfcope, in which we have fucceeded beyond 

expedation. By this acquifition, we have now 

an opportunity of examining all microfcopic 

objeds, either in the fun-fhine, or at night in 

winter evenings. 

III. A 
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III. A new application to the pyramidical 

camera .obfcura, by which means perfect draw¬ 

ings may be taken of all thofe beautiful micro- 

fcopic objects we are enabled to collect, by 

tracing their out-lines either with a pen or pen¬ 

cil, and that by any perfon who is not accuf- 

tomed to drawing. 

IV. We have given a defcription of the ca¬ 

mera obfcura, and have fhewn how to apply 

it in taking perfpedtive views of any landfcape, 

in three different forms of the fame inftrument, 

by which means faces may be out-lined to great 

exadtnefs, and pieces of Fill-life drawn from 

nature. 

V. We have likewife added a new compen¬ 

dious pocket microfcope, which is both fingle 

and compound. 

VI. We have alfo given a defcription of the 

heft kind of modern microfcopes now in ufe, 

that the reader may comprehend the utility of 

each, and thence be enabled to judge, which 

may fuit his purpofe bell. 

THE 
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Micrographia Illuftrata: 

OR THE 

MICROSCOPE 
EXPLAINED. 

A defcription of the new variable microfcope. 

Y this microfcope we are enabled to examine 

^ B Y& the ftructure, and difcover the various and 

furpriling contrivances, in the exaft and uni- 

sz fprm proportion of the minute parts of the 

creation; either in animals, infedts, foffils, or vegeta¬ 

bles, &c. 

We owe the conftrudtion of the variable microfcope to 

the ingenuity and generofity of a noble perfon. The 

apparatus belonging to it is more convenient, more 

certain, and more extenfive than that of any other at 

prefent extant; confequently the advantage and pleafure 

attending the obfervations in viewing cbjedts through it, 

muft be as extenfive in proportion. I fhall not detain 

the reader with dwelling upon its merits, but leaving the 

inftrument to fpeak for itfelf proceed to a defcription of 

its feveral parts. . '• 

b, A B C, 
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ABC, fig. I and 3, reprefent the body of theynicrof- 

cope which contains two eye glades at A, a third near 

B, and a fourth in the conical part between B and C, 

the end C fhews one of the magnifiers fcrewed thereto. 

Hence the body of this microfcope, confiding of five 

glades, greatly exceeds the ufual compound microfcopes 

which have only three, by increafing the field of view 

and of light, as well as affording an occafional opportu¬ 

nity of increafing the magnifying power of each particu¬ 

lar lens, or magnifier -y this is performed by pulling up 

the part A E which feparates at A j there is likewife 

another feparation at B, by pulling up the outward tube 

A B. 
Another advantage attending this indrument is, that 

any two of the magnifiers may be ufed at the fame time, 

as follows, fee fig. 3. fcrew the button b to the part c 

of the button a, and both together into the body at c, 

the magnifier reprefented at c being firft removed. 
There are feven of thefe buttons reprefented at a and 

b, with magnifiers in them, alfo fix diver fpecula highly 

poliihed, each having a magnifier adapted to the focus of 

its concavity, one of thefe is reprefented at e; when ufed 

they are to be fcrewed into the body of the microfcope at 

c, every one of the feven magnifiers in the buttons a, b, 

may be ufed with any one of thefe fpecula, by fcrewing 

the lower part of the fruftrum of a cone, which is feen 

at d, upon the prominent fcrew on the diver fpeculum 

at e, and then fcrewing the part c of any button b into 

its upper end, and altogether into the body of the microf¬ 

cope at c. 
Note, thefe magnifiers are numbered, 1, 2, 3,, &c„ 

and the lead number is the greateft magnifier. 

The body of the microfcope ABC is fupported by 

an arm F, into which it may be put or taken out occa- 

donally, and fattened by the fcrew at f; this arm is fixed 

to the bar G G, which may be railed or depretted by 
turning 



The Microfcope explained. iii 

turning the large ivory head I; the fcrew at H being firfl 

difcharged, G G Hides dole to the upper part of the 

long bar K L, which laft is fixed at N and N, to the 

toothed wheel NON, this wheel being ftrongly fup- 

ported by four fcroles whofe extremities are connected 

to an horizontal plate n, which gives an horizontal 

motion to the wheel NON, the bar KL, and every 

other part of the microfcope which is conneted thereto, 

the whole being fupported upon the pillar M, by the 

three feet P P P. 

In fig. 3. the variable microfcope is delineated from its 

perpendicular pofition, being that which gave the beft 

reprefentation of its feveral parts. In fig. 1. it is drawn 

inclined, from a view of which there will be no difficulty 

to conceive that on turning the key S, the pinion which 

works in the teeth of the wheel NON will give the bar 

K L, with the microfcope and its appendages, any 

oblique inclination that may be required. 

The objet carrying piece or firage DDD, has a large 

round hole T, in the middle over which wre place the 

objedts for obfervation, fometimes in an ivory Aider, 

No. 1. fig. 3. or upon a Aip of glafs, No. 2. or they 

may be put upon one of the round glafles No. 2. fig. 3. 

which are of various colours and fitted to the hole at T. 

The concave mirror Q_Q_ turns vertically on the ex¬ 

tremities of the femicircle g, and horizontally in the cy¬ 

linder h, by which means it may be turned into any 

diretion, fo as to reflect the light from a bright cloud 

through the center of the ftage at T, projecting the 

image of the object thro’ the body of the microfcope to 

the eye at E. 

The mirror Q_Q, may be extremely well illuminated 

at night by means of a new apparatus contrived for that 

purpofe ; it is reprefented at fig. 2. and confifts of a pil¬ 

lar A B, that fupports a femicircle C D 5 on the extre¬ 

mities of this, a fhort tube E F, turns upon axes, one 

b 2 of 
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of them is feen at C, a lamp IK is fufpended from the 

two ears G and H in fuch a manner that at every in¬ 

clination of the tube E F, the flame L may diredt its 

light through the center of the tube, and alfo of a plano¬ 

convex lump contained therein, and thence through an 

oiled paper, or a grey glafs, to the illuminating glafs 

Q_Q. The light thus tranfmitted to the mirror is amaz¬ 

ingly fine, it being nearly equal to that reflected from a 

bright white cloud on a fine lummer’sday. 

The objedt carrying piece D D hath a conical pin 

fitted to a hole in the Aider W, in which it may be 

turned Tideways, fo as to examine the feveral parts of any 

objedt that may be too large for the field of view. 

The fcrole hR, has alfo a conical pin fitted to a hole 

in the Aider V. 

By means of the Aider W, the objedt carrying piece 

D D may be readily fet nearly to its proper diftance from 

the magnifier in the button at C, and then by turning 

the large ivory head I, the body of the microfcope may 

be brought to its diftindt focus. But if this ftiould not 

be thought quite fuflicient, tighten the fcrew at H, and 

thereby turning the fcrew at X, the focus may be ad- 

jufted to the eye of any obferver with great precifion, 

and by moving the Aider V a little higher or lower, a 

proper fpot of light of any convenient breadth may be 

readily obtained. 

No. 3. is a cylindrical tube, in which an inner tube is 

forced upwards by a fpring; its ufe is to receive an ivory 

or glafs Aider, No. 1 and 2, the objedt being firft placed 

in the center of the hole at m, or the objedt may be laid 

upon a glafs Aider, No. 2. either of which are to be put 

between the plates h and i, and the cylindrical piece 

No. 3. put into the hole at T in the ftage X to which 

it is fitted. The hollow at k is to receive the glafs tube. 

No. 10. for confining a fmall water animal to fhew the 

circulation. 
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circulation of the blood. No. n. is a wier fcrew to 

afiift in cleaning the tubes, or to difcharge their contents. 

If the animalcula in fluids, or any minute infedl, are 

under confideration, it will fometimes beneceflary to ex¬ 

clude fome part of the light which is reflected from the 

mirror Q, by putting the cone No. 4. upon the bottom 

1 of No. 3. it being firft put into the ftage at T. 

The nippers No. 5. are for confining any objedt, and 

are to be placed in one of the fmall holes near the ex¬ 

tremities of the ftage, or in the focket r, at the end of 

the chain of balls No. 6. as the pointed nippers t, which 

hold an opake objedt t v, the ftage D D being removed, 

and one of the ftlver fpecula fcrewed to the body of the 

microfcope at C, the flider W brought nearer to the 

Aider V, the ftem X of the pillar belonging to the chain 

of balls, being put into the hole at W, the balls may 

be readily managed to give a proper diredtion to the ob¬ 

jedt tv, the obferver’s back being turned towards the 

window, fo that the refiedtion from the mirror Q, of 

the fky behind, or on one fide, may fall upon the ftlver 

fpeculum, and thence be returned upon that part of the 

objedt t v, which is to be examined and is next the eye. 

No. 7. is a box, containing fpare talcs to fupply the 

ivory Aiders. 

No. 8. is a double convex lens, to be ufed as a mag¬ 

nifier in the hand. 

Laftly, remove the body A B C? and put the ftage 

D D in its ftead, at B in the arm F ; alfo put the pin 

f of No. 9. into the hole at z in the top of the bar K L, 

fig 3. place an object upon the ftage, and fcrew any one 

of the magnifiers before defcribed into the end e of the 

Aiding bar e g, and then this inftiument becomes a Angle 

microfcope to which all the above apparatus is applicable ; 

but for the ufe of the Angle microfcope only, there are 

added three more magnifyers whofe foci is very fhort. 

' b 3 There 
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There are alfo added to this apparatus already de- 

fcribed, two glafs planes broader than that of No. 2. 

and two others with hallows ground in them; they are 

to be laid upon the ftage DD, to receive any accidental 

objeCt that may occafionally offer. Small live infeCts 

may be confined between two of them, one having a 

hollow, and the other being a plane furface. Thofe 

with hollows in them are proper to obferve the animal- 

cula in fluids, being laid upon the ftage. 

The circulation of the blood may alfo be very well 

obferved in the tail of any fmall fifh, as well as between 

the toes of a frog, by tying it to one of the long glafs 

plates, marked No. 2. in fig. 3. 

There are likewife a few flat round glafies, No. 12. 

of different colours, fitted to the hole T, in the ftage 

D D, and a watch glafs fitted to the fame place, which 

will hold more water than the hollows in the long 

glafies juft above mentioned, and a fett of glafs tubes. 

No. 10. 

To thefe if defired may be added a micrometer, and a 

frog frame, which will be defcribed in their proper 

places. 

There are two fockets fixed to the Aider W, one of 

which is feen at Pj %> 3* Their ufe is to hold the 

frog frame if required. 

The ufe of the improved folar microfcope. 

THIS microfcope, from the very great extent of its 

magnifying power, and the convenience of view¬ 

ing any objeCt by many perfons at one and the fame 

time, gives more fatisfa&ion and greater pleafure than 

any other microfcope to the generality of obfervers; as 

will appear by the following directions, in fhewing how 

it is to be applied. 
Make. 
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Make a round hole in the window fhutter, about 

4 and i-8th inches diameter ; to which apply the fquare 

plate A A, fig. 4. with the circular part D uppermoft, 

then mark the places of the two holes a a with a fmall 

black lead pencil, and bore them through the £hutter of 

a fize fufficient to let the mill’d headed fcrews B B pafs 

freely through them, which entering the holes a a, will 

hold the plate faft to the infide of the window fihutter; 

the looking-glafs C, being firft put through the hole, 

will remain on the outfide of the window, the iafh or 

cafement being firft thrown open. 

Screw the part b b of the Hiding tubes I K into the 

hole at H. Then prepare the microfcope fig. 5. for 

obfervation. Take out the tube I, and fcrew the tube 

M into the end N of the microfcope NP, and put the 

fhort Aider R that contains a convex lens, to increafe 

and enlarge the field of light, into the dove-tail plate 

gkh. 

Place the object which is fuppofed to be either in an 

ivory or on a glafs Aider, as E or F, between the thin 

plates c d and g h, then fcrew on one of the magni¬ 

fiers at the hole i. There are fix belonging to this tooth 

and pinion microfcope, and one of them is reprefented at 

Y. Or if the magnifiers are placed in a wheel as PQ_* 

turn it fo as to bring one of them under the center of 

the hole at i. Then darken the room as much as pof- 

fible, that no light may enter, but what pafies through 

the tubes I K. From this circumftance, and the bright- 

nefs of the fun-fhine, you are only to expeCt a per¬ 

fectly clear and diftinCt image. 

Now adjuft the looking-glafs C to the pofition of the 

fun, by turning the heads at e and f, the firft inclines 

the 

* Note, we prefer the ufe of the magnifiers fet in round 

buttons as reprefented at Y, inftead of being fet in a circular 

plate PP. 
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the mirror to the right or left, and the other raifes or 

deprefies it, fo as to refleft: an horizontal ray of the fun’s 

light through the tubes IK, upon a fcreen of white 

paper placed about five or fix feet from the window, 

which will form thereon a round fpot of light. 

Laftly, flip the tube I into that marked K, together 

with the microfcope and objedfi as before prepared ; and 

if the fun then fhines bright, you will have a diftindt 

image of the objedf upon the fkreen, by turning the 

button at O to remove the magnifier to its proper focal 

difiance. 

There are fix magnifiers in the wheel P Q, which 

turn round for the greater eafe in changing from one 

magnifying power to another. When the room is dark¬ 

ened, all the magnifiers * are numbered, i, 2, 3, Sec. 

the leaft number being the greateft magnifier. 

In the box with this microfcope, there are alfo three 

fhort brafs Aiders, like that marked R, for incrcafing the 

field of light : on the firft is engraved 1 and 2, to fhew 

that this is only to be ufed with the firft and fecond 

magnifiers. The fecond brafs Aider like R, being 

marked with the numbers 3 and 4, are to be ufed with 

the third and fourth magnifiers, and no other; and the 

third having the numbers 5 and 6, is only to be ufed 

with the fifth and fixth magnifiers. This is a principal 

improvement in the folar microfcope, arifing from the 

great increafe of light we obtain thereby. The fame 

advantage is gained when N P, which we call the tooth 

and pinion microfcope, is ufed alone as a fingle microf¬ 

cope. 

We have fhewn above how to form a round fpot of 

light upon the fkreen, but this cannot always he attain¬ 

ed, becaufe the fun’s apparent altitude to the inhabitants 

of 

* We prefer the magnifiers fet in round cells as at Y, tQ 

thofe fet in a wheel as P Q, 
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of northern latitudes in the winter, is fo near the horizon, 

and more efpecially when the fun is dire&ly perpendicu¬ 

lar to the front of the room, it cannot then form a fpot 

of light perfe&ly round j but if the fun be on either fide 

of that perpendicular, a round fpot may be obtained. 

The moft ufeful magnifiers in the folar microfeope, 

are the fourth, fifth, and fixth. 

Care muft be taken to pull out, or thrufl back, the 

tube I more or lefs, as the objeT is capable of fuftain- 

ing the fun’s heat, fo that the fpot of light may be 

broad enough to cover the obje<5l. Dead bodies may be 

placed within about an inch of the focus of the double 

convex lens, which diflance mull be shortened for liv¬ 

ing creatures, or they will foon be killed. 

If the light falls not exa&ly right, you may eafily 

diredl it thro’ the axis of the microfcopic lens ; and 

there keep it during the time of your examination, by 

the help of the fcrews f and e, by following the fun’s 

motion. 

Having taken notice of a fcreen to throw the images 

of objects upon, fuch a fcreen is ufually made of a flieet 

of the largeft elephant paper, {train’d on a frame, which, 

hides up and down on a round mahogany pillar, in the 

manner of fome fire fcreens. A larger fort are compofed 

of feveral fheets of the fame paper palled together on 

cloth, and let down with a roller from the ceiling in the 

manner of a large map. 

Fig. S. which is feen below the figures 4 and 5. 

reprefents that additional part of a folar microfeope, 

which is defigned for the examination of larger trans¬ 

parent objects, than can be contained in the apparatus 

already deferibed, and is called a magellefcope. 

When this is to be ufed, unferew the cap TV, from 

the inward hiding tube I, and ferew the apparatus S in 

the place of it, the hiders for this purpofe are made of 

mahogany as W, with three large round holes, each 

furnifhed 
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furnifiied with a pair of thin glafies; thefe are to be put 

between the plates r f, and t y, then by turning the but¬ 

ton w, the convex lens or magnifier z, may be removed 

to a proper focus, fo as to exhibit a diftindt image of the 

©bjedt upon the fcreen. There are three fuch mahogany 

Aiders, like W. and three others with larger holes re- 

prefented at X. 

A defcription of the tooth and pinion microf¬ 

cope, confidered as a fingle microfcope. 

THIS inftxument N P, fig. 5. with its apparatus 

of fix magnifiers fixed in buttons like Y, which 

are to be fcrewed into the end i P, inftead of the wheel 

P Q, makes a complete and ufeful fingle microfcope, 

when put into a pocket cafe with ivory Aiders E, glafs 

Hips F, fmall brafs Aiders R, glafs tubes, &c. the ufe of 

each of thefe parts have been already fhewn. To which 

may be added to the fide of the microfcope, an arm or 

handle, when defigned to be ufed with the aquatic or Mr. 

Ellis’s microfcope, which will be defcribed hereafter. 

The life of the new improved folar microfcope, 

applied to a new improvement on the pyra- 

midical camera obfcura, when illuminated by 

the folar rays. 

SEE figure 6. in which AB, AC, reprefent two 

Tides of the camera obfcura when put together, its 

upper Aiding tube reprefented at P Q_, fig- 8. being 

taken out and laid afide, the circular box A D F, put 

on in its fiiead and held faft by two bolts, this being 

done, Aide the arch G H, fig. 6. into its receptacle at K, 

and fet the degree anfwering to the latitude of the place 

you 
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you are in, to the point of the flower-de-luce at K, then 

tighten the fcrew at f, to fix the arch ; by this means 

the axis IL upon which the mirror- M N turns, will 

be properly elevated above the horizon of the place. 

Screw the part b b of the tube K, fig. 4. into the 

infide of the top of the box A D F, fig. 6. there being 

a brafs plate at F prepared for its reception : then fcrew 

the little tube M to the end N of the Microfcope, N P, 

fig. 5. and put an objedt between the plates ed, gh, as 

before directed in the defcription of the folar apparatus. 

Now fet the camera upon a table placed nearly level 

in the fun fhine, turn it about that the direction of the 

fide E B may be nearly in the meridian ; if you have no 

meridian line, a fquare magnetic compafs box T V ap¬ 

plied in the direction of the fide C O, but to the back 

of the camera which is oppofite and parallel thereto, 

and perpendicular to the fide E B. Now turn the whole 

Jnftrument together with the compafs box, until the 

needle refts over the degree of its variation at the place 

you are at *, then the axis I L will be nearly parallel to 

the axis of the equator, and give an equatorial motion 

to the mirror M N. 

Put a (heet of paper into the camera, and fix it there 

by wafers, wax, or needle points fixed in very fmall 

brafs buttons. Elevate or deprefs the mirror M N, by 

taking hold of it at N, and if neceflary, turn it a little 

fideways, until you obtain a round fpot of light upon the 

paper, by looking at it through the apperture, a be. 

Then flip the tube I, together with the microfcope 
N P. fig. 5. with an objedt applied to it, into the tube 

K of the folar apparatus, fig. 4. Turn the milled head 

fcrew O, of fig. 5. to bring the magnifier to its due 

focal diftance, from the paper on the infide of the bot¬ 

tom 

* Note, the variation, of the magnetic needle in London, 

is about 21 degrees from the north towards the weft. 
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fom of the camera, and you will obtain a lively image 

thereon. 

Now fliut the doors R S, fit down with a pencil in 

your hand, button the band m n upon your wrift, 

place your forehead clofe upon the cufhion a b c, with 

your nofe on the outfide at a, that you may be able to 

breathe the free air; and by this means you may make 

an exadt drawing of every microfcopic objedt that you 

chufe to convey to pofterity, or to oblige your friends 

with your own remarks thereon. 

As the fun appears to move continually towards the 

weft, the brightnefs of the light which furrounds the 

image of the objedt will diminifti on one fide, then turn 

the milled button I, fig. 6. extreamly flow the fame 

way with the fun’s apparent motion, and you will have 

the fame brightnefs as before. This muft be occafionally 

repeated, by which an intelligent reader will inftantly 

difcover, that we have after the above preparation but 

one Angle motion to attend to, in order to preferve a 

proper illumination upon the image of the microfcopic 

objecft intended to be drawn, until its out-lines are com¬ 

plete. From this valuable improvement, all fcientific 

perfons, whofe knowledge prompts them to relate fuch 

difcoveries as their refearches engage them in, will be 

enabled to explain themfelves much better by a picture 

of what they may be deferibing, which they may make 

themfelves, without the affiftance of a draftfman, and 

may by proper letters of reference convey their own 

ideas in fuch an extenfiv^ light, that is beyond the 

power of the moft elegant writer, who, without a draw¬ 

ing, has, or may attempt to make himfelf underftood. 

As we have in this conftrudtion but one motion to 

attend to, in preferving a proper illumination upon the 

image of the objedf, much time and trouble is faved : 

whereas in all the former conftrudtions there are two 

motions to be attended to, and that with very much dif- 

N Acuity* 
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ficulty, even fo as to make it tirefome to the operator, 

which is here removed. * 

The circular box ADF, is reprefented at fig. 6. in 

the mpft convenient pofition for ufe, the axis I L being 

over the drafts-man’s head, in which cafe his back mult 

be turned toward the fouth, which will oblige him to 

fit between the window and the inftrument, if the upper 

fafh can be pulled down, but if the under fafh is only 

moveable, the box ADF muft be changed, fo that the 

axis 1L may be over the back of the camera, then the 

inftrument may be pufhed clofe to the window, and 

confequently the drafts-man’s back will then be turned 

to the north ; but if a large garden or open plain be near 

the houfe, it will, when the weather permits, be better to 

fit out of the houfe, where no buildings or other obfta- 

cles can intercept the fun’s rays, whence we {hall have 

no interruption from the jatnbes between the windows, 

&c. 

The ufe of the new improved microfcope, ap¬ 
plied to the new pyramidicai camera obfcura, 

■when illuminated at night by a peculiar 
lamp contrived for that purpofe. 

THIS ufeful invention is the refult of a great many 

experiments that have been made for fome years 

paft, to illuminate microfcopic objects in winter even¬ 

ings, which has fucceeded far beyond our expectation. 

And although we have applied it to the pyramidicai 

camera obfcura, as being the belt form for thefe kind 

of experiments, yet they may be performed in a box of 

any 

* Note, in this application of the folar microfcope, 

vve ituirely omit the fquare plate A, the mirror C, and ferews 

tUJ. 
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any other Ihape, let its form be what it may j but not 

with fo much fatisfadtion. 

Takeoff the circular head ADF, fig. 6. and then 

the upper part A D w r of the pyramid, fig. 6. fet the 

Jaft afide. Take out the grey glafs which is placed m 

the infide of the lower part of the camera when it is not 

in ufe, and put it into the hole p q, which is reprefent- 

ed at fig. 7. and then put on the cover Z Y 5 fcrew it 

fall: by the two fcrews, one of which is feen at e, and 

place the circular box ADF upon the cover Z Y, and 

bolt it fall:; then lay it upon a table as it is reprefented 

in fig. 7. the apparatus fig. 4. and microfcope fig. 5. 

with the object intended to be examined being firft pre¬ 

pared and placed within the box ADF, take the tube 

E F, with its femi-circle from the pillar A, fig. 2. (it 

feparates at N) and fcrew it to the end F, of the cir¬ 

cular box ADF, fig. 7. the rim with the oiled paper 

being firft removed. Now light the lamp and fufpend 

it on the ears G H. Sit down at the table and look at 

the grey glafs p q, and you will there fee a beautiful 

image of the object you have placed in the microfcope. 

After having adjufted the magnifier to its proper focal 

diftance, by turning the fcrew O, in fig. 5. and fhut 

too the doors R S, of fig. 6. in this fituation you may 

draw the out-lines of the objedt in the moft corredt man¬ 

ner, although the perfon is not accuftomed to drawing. 

It may be firft drawn upon the grey glafs p q, and then 

covering that with paper, and holding it againft the 

light, it may be finely copied upon the paper : or if you 

do not chufe to draw it twice, place a piece of thin paper, 

vellum, &c. upon the glafs p q, and it may be drawn 

at once. 

The reprefentation of microfcopic objects in this eafy 

manner without the light of the fun, is extremely enter¬ 

taining, as they appear in the higheft degree a very fine 

pidture. By this means we have obtained a very valua¬ 

ble 
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ble acquisition of having it in our power to keep draw¬ 

ings of thofe beautiful appearances, which require no 

more trouble, than that of tracing the lines with a pen 

or pencil. 
* 

The ufe of the pyramidical camera obfcura, in 

defigning and taking perfpedive views. 

A CAMERA obfcura, is any dark place, wherein 

objects expofed to broad day light are reprefented 

upon paper, or any other proper white body, in their 

true proportions, with all the livelinefs of colours, and 

diverfity of motions, amazingly pleafant to behold. The 
advantages arifing from the ufe of this inftrument, to 

draft’s-men in general, are fo great and fo well known, as 

to need no enumeration. Therefore we (hall only add, 

that it is of very great ufe in giving the proportionable 

hze of every feparate object, or feparate groups of ob¬ 

jects in the fame picture; by which means they may be 

copied after nature in the moft perfedf manner, and 

that conftant difficulty removed, which requires fomuch 

time and ftudy to give the feveral objects their true big- 

nefs and proper fituation in the picture from the fame 

point of fight. 

There are two double convex lenfes in fquare ma¬ 

hogany frames ; one of which is to be ufed for diftant, 

the other for near objects. They are to be put into the 

fquare Aiding tube P Q, fig. 8. at d under the mirror r, 

their foci is marked upon each frame. 

The pyramidical form of this inftrument is allowed by 

a number of gentlemen who have experienced its utility, 

to be fuperior to thofe of any other conftrudtion hitherto 

made, having every deftred advantage to exclude the 

light, and when you have done with it at any time, it 

is readily put up into a portable fize. 

Fig. 8. 
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Fig. 8. reprefents the pyramidical camera obfeura 

mounted for taking perfpedtive views, from any profpedb 

the draftsman has a defire to imitate. After having 

chofe the fpot or point of fight from whence he would 

make his perfpedtive pidture, let him caufe a table to be 

placed there, and fet the camera upon it. Let him lit 

down before it, turn his back and the camera together, 

while he is looking through the apperture a be, until he 

finds the moll agreeable pidture he can obtain (from that 

point of fight) upon a flieet of paper already placed on 

the infide of the bottom of the inftrument for that pur- 

pffe. This being done, place your forehead clofe to the 

cufhion a b c, with your nofe on the outfide at a, that 

you may be able to breathe the free air, having firft 

buttoned the band m n, upon your wrift; then proceed 

with a pencil in your hand to trace the out-lines of every 

objedt in your landfcape, which will, when completely 

lhaded, be a true reprefentation of that perfpedtive view. 

Your out-lines being finifhed, take out the drawing; put 

another clean paper into the inftrument, it ftanding in 

the fame place; fit on one fide of it that you may look 

into the camera occafionally, and then you may fhade 

your drawing agreeable to nature. 

From the preceeding experiments and various trials 

made before the inftrument was compleated, to exhibit 

microfcopic objedts by the help of a lamp without the 

fun, the two following curious applications of the 

camera obfeura offered themfelves, which wre could by 

no means reject. 

Fig. 9. reprefents the pyramidical camera obfeura 

placed horizontally upon a table ; the mirror r in fig. 8. 

being taken out of tfie fquare Aiding tube P Q, and the 

flat cover of the faid tube taken oft', we put one of the 

convex lenfes into the groves made for that purpofe, 

near the end of the fquare tube at P» fig. 9. 

Diredt 
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Diredl: your inftrument to any external objects and 

if your room is a little darkened, you will have an ex¬ 

tremely vivid and beautiful picture upon the grey glafs 

at rq fig. 9. But inverted, the outlines may be nice¬ 

ly traced with a black-lead pencil upon the glafs, which 

being taken out and covered with a paper and held 

againft the light, may be nicely copied, and afterwards 

fhaded by the picture upon the glafs, when put into its 

place, the black lead lines being firft wiped off, with 

the corner of a napkin a little wet. 

Note, this fecond form of the camera obfcura hath 

the following advantages ; firft, as the picture is formed 

immediately, by the rays palling thro’ the convex lens 

without any reflection, the objects are extremely vivid ; 

and although the outlines muft be traced in its inverted 

ftate, yet when the glafs is taken out and turned the 

other edge downward, every part of the picture will have 

its proper attitude. 

Secondly, a very great advantage arifes from this ap-' 

plication of the inftrument, in diminifhing large draw¬ 

ings or paintings to a fmaller fize, viz. Set the ori¬ 

ginal painting upon a chair againft the wall, but topfide 

turvy, and you will have a lively reprefentation of it 

upon the grey glafs in an eredt polition ; and if the room, 

be long enough, a whole length pidture may be taken in, 

and the reprefentation may be either larger or fmaller, as 

you either remove the inftrument, or pidfure, farther 

from or nearer to each other; the change of the convex 

lens wdl do the fame thing. When this operation is 

performed, the pidfure to be copied fhould be placed near 

a window, and you fhould fit with the inftrument, next 

a remote window, and fliut the fhutter of that or thofe 

windows which are behind you, to exclude the light as 

much as poftible, from falling upon the grey glafs q r. 

ft hirdly, portraits may be corredlly out-lined in this 

pofitipn of the inftrument j and the greateft pofnble like— 

€ nets 
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nefs obtained. Side-faces in imitation of fhadows, are 

likewife taken this way to great advantage. 

Let the perfon, whofe portrait or fide-face is defiled, 

fit on a chair, at the diftance the pidture was placed at, 

and keep himfelf as ftill as pofiible. 

The human attitude, in any pofition, may be admirably 

well delineated after the fame manner. 

Fourthly, pieces of ftill life, fuch as flowers, fruits, 

dead game, &c. may be elegantly copied this way, by 

fetting them upon a ftool, that is lower than the table, 

and pointing the inftrument to your objedfc. 

All forts of furniture, workmanfhip of every kind, 

fuch as mathematical inftruments, models, bulls, china, 

or other images, &c. may be alfo delineated in the fame- 

manner. 

The third application of the camera obfcura, is to re- 

prefent objedts in their natural fituation witnout reflec¬ 

tion. The preparation for this is as follows : take out 

the fquare Hiding tube P Q, and place that convex lens, 

which is marked with No. 4. into that end of it which 

is alfo marked No. 4. and goes into the camera; then 

replace it again, as it appears in fig. 9* an^ Put the tube 

W Z into the hole at P, until the fhoulder m n, refts 

clofe to the furface at P, and the inftrument will be 

ready for ufe. 
In this ftrudture of the camera, it may be applied to 

all the experiments, related in the preceding application p 

but the field of view will not be quite fo large ; yet in 

this we have many advantages, from the objedls appear- 

ing in their natural fituation. 

See fig. 8. in which ADEB reprefents one fide of 

the pyramidical camera obfcura; AGO, the front; 

pQ, a fquare tube, which may be moved higher or 

lower, by turning the knob at f, in order to adjuft the 

focus of the convex lens placed at d, to make a diftindt 

piaure at the bottom of the inftrument; abc is the 
r opening. 
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opening, where the face is to be applied : COEmn, is 

a Aeeve of cloth ; m n, the wriftband to be buttoned up¬ 

on the wrift, when you trace the out-lines of any land- 

fcape. 

When you have done with the inffrument at anytime, 

pufh the fquare hiding tube clofe down; take off the 

upper part AD wtr, turn the fmall end downwards, 

and put it into the lower part r E W. Take off the 

face piece a b c, put it into the box, and cover the hole 

it leaves with a Aider. Pulh in the fleeve, and cover it 

with the Aider prepared for that purpofe, and the inftru- 

ment will be preferved from duft, after you have covered 

it at the top. 

Note, all the fmall parts maybe included in the lower 

fruftrum rB, and in the circular head ADK, or they 

may be packed in a feparate box. 

The double conflrudled microfcope. 

AB C, fig. io. reprefents the body of this microfcope; 

it contains an eye-glafs at A, a broad lens at B, 

and a magnifier fet in a button, which is fcrewed on at 

C ; one of thefe buttons is reprefented by itfelf at Q. 

There are fix of them belonging to this microfcope, 

which are numbered r, 2, 3, 4, 5, 6, the lead: num¬ 

ber being the greateft magnifier. 

The body of the microfcope ABC, is fupported by 

an arm D E, into which it may be put or taken out at 

pleafure. This arm being fixed to the Aiding bar F, 

may be raifed or depreffed to any height within its li¬ 

mits, upon the main pillar a b, which being fixed in 

the box be, is by means of the brafs foot d, fcrewed 

upon the mahogany pedeftal X r, in which is a drawer 

at w, containing all the apparatus. 

When the upper furface of the arm D E, is placed to 

that number on the fixed bar ab, which correfponds to 

c 2 the 
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the number of the magnifier then in ufe, the diftance 

of the magnifier from the objedt will be nearly right^ 

fix it by tightening the fcrew f, after which you may ad- 

juft it to fit your fight, by turning the mild head c of 

the fcrew e g. 

p q is the ftage or objedt carrying plate, with a hole 

in its center at n ; G is a mirror, that may be turned 

into any direction, fo as to refiedf the light of the Iky, 

the fun, or a candle under the objedf. 
H, a convex lens, for illuminating opake objects ; L 

is a cilindrical tube open on each fide, a concave filver 

fpeculum h is ferewed to its lower end. This cylinder 

is to be put over the fnout E C, when an opake objedt 

is to be examined, and its upper end fet to the number 

of the magnifier in ufe, then the light will be thrown 

upon it by the mirror G, will be returned back upon that 

fide of the objedf next the eye of the obferver. 

P is a cylindrical tube, in which an inner tube is 

forced upwards by a fpiral fpring. Its ufe is to receive 

ah ivory Aider K, in which objedfs are preferved between 

two mofeovy talcs, or a glafs Aider, upon which any 

cafual objedt may be laid: either of thefe are to be put 

between the plates h and i, and the cylinder P put into 

the hole n in the ftage. The hollow at k is to receive 

a. glafs tube N, in which is confined a finall water ani¬ 

mal, to ftiew the circulation of the blood : x is a wier 

fcrew, to afiift in cleaning the tubes, or to difeharge 

their contents. 

R a cone to be put on under the bottom of the cy¬ 

linder P, its ufe is to intercept fome of the rays of light, 

when the firft and fecond magnifiers are ufed. 

S, a box containing a concave and plain glafs, between 

which may be confined any fmall living infedt, which 

being placed over the middle of the ftage, may be eafily 

examined. 
T ' 



The Microfcope explained. xxl 

T, a plain circular glafs to be placed over the center of 

the flage at n, to lay any objedls on that may at any 

time offer, and a loofe concave glafs of the fame fize, 

being laid with its hollow fide downwards, will eafily 

confine any living infedl. 

O, a long fleel wire with its pliers and point to hold 

or flick objedls on, flips backwards and forwards in a 

fhort brafs tube o, which by the button p, fits into the 

hole of the flage, and then it may be conveniently ma¬ 

naged under the magnifier. 

W, a little round ivory box to hold a fupply of mufi- 

covy talcs for the Aiders. 

Z, a fmall hair brufh to wipe any duff off the glaffes, 

or to apply a drop of any liquid. 

X, a pair of nippers to take up any objedl to be ex¬ 

amined. 

V, a fmall ivory cylinder with a hole pafling through 

it, one end is black, the other white ; it is to be ftuck 

upon the point y, of the wire O y : its ufe is to examine 

opake objects, by placing thofe of a dark colour on the 

white furface, and thofe of a light colour on the 

black furface. This piece with the pliers being applied 

to one of the holes in the corners of the flage, and the 

cylinder L, with the filver concave h, upon the fnout 

E C, will fhew an opake objedl to advantage. 

Y, a convex glafs to be held in the hand, for looking 

at calual objedls, in order to determine whether they 

are proper for a microfcopic obfervation. 

M, a fifh pan, whereon to fallen a fmall fifh, to fee 

the circulation of the blood ; its tail being fpread acrofs 

the oblong hole at the fmallefl end, and tied fafl by 

means of the ribband fixed thereto, then by fhoving the 

knob t through the flit m made in the flage, the lifl\’s 

tail may be brought under the magnifier. 

U is a plain glafs to lay any cafual objedl upon, or if 

' At ^ a living objedl, cover it with the glafs T. 

c 3 Culpepper* 
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Culpepper’s double microfcope. 

ABC, fig. ii. is the body of this microfcope, in. 

which Aides C D the inner tube, that contains 

all the glaftes. The eye glafs is at E, the broad middle 

piano convex glafs at F, and the objedt glafs being fet 

in a button at G, is fcrew’d upon the end of the nar¬ 

rower tube I, which being fixed in the bafe of the inner 

tube pafles freely through a hole in the bafe of the 

outer. 

The buttons that contain the feveral objedt glades are 

number’d i, 2, 3, 4, 5, and the convexity of the inner 

tube, is alfo marked with dotted circles numbered 1, 2, 

3, 4, 5, in order to bring that circle to coincide with 

the mouth of the outer tube, whofe number is the fame 

as that of the objedt glafs then made ufe of: but if the 

objedt does not then appear quite diftindt, Aide, or rather 

twift the inner tube gently, higher or lower, or turn 

the fcrew of the magnifier gradually till the objedt ap¬ 

pears diftindt. The greateft magnifiers are known by 

their having the fmalleft apertures. 

The bafe B C of the outer tube is fupported by three 

brafs pillars on fcrols, fixt on a mahogany pedeftal H K, 

in which is a drawer I/, to hold the magnifiers and other 

parts of the apparatus. A little below the objedt-glafs is 

fixed a plate M, like a ftage between the pillars. 

N, three fmall brafs circles with holes through the 

middle of them which are to be placed over the hole in 

the middle of the ftage, and then the ivory Aider O may 

be put between the two uppermoft, which are prefted 

together by a fpiral fpringing wire lodged between the two 

undermoft. The two outermoft being held together by 

four fmall pillars pafiing through four holes in the cir¬ 

cumference of the middle circle. 

Pj 
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P, is a fifh-pan to faften a fmall fifli on, to fee the 

circulation of the blood, its tail being fpread acrofs the 

oblong hole at the fmalleft end ; then by fhoving the but¬ 

ton inwards through a flit made in the ftage, a fmall brafs 

fpring under the ftage will keep it fteady ; for viewing it 

the tail may be brought exadtly under the magnifier, by 

turning the pan on the button, or by fhoving it inwards 

or outwards along the flit in the ftage. 

All tranfparent objedts are well illuminated in this mi¬ 

crofcope, either by candle or fky-light reflected upwards 

from a concave looking-glafs R, placed in a frame upon 

the center cf the pedeftal. While you are viewing the 

objedt through the microfcope, turn this concave upon 

Its horizontal poles a b, and you will foon find out that 

pofition of it wherein it refledts the moft light through 

the hole c upon the objedt. 

Opake objedts when laid upon the plate s, which is on 

one fide black ebony, and on the other a piece of white 

ivory, being laid over the hole c, in the ftage, may be 

illuminated by the light of the fun-fhine or a candle 

tranfmitted through a double convex lens a, which by 

turning on two fcrews, e, d, and the foot of it put into 

the hole f of the ftage. The candle muft be placed in 

a line drawn from the object through the middle of this 

lens at fuch a diftance to be found by trial as will form 

the fmalleft fpot of light upon the object plate. By day- 

light this glafs is of no fervice, 

T, an i,vory cone to fcrew on to a male fcrew under 

the center of the ftage : its ufe is to intercept feme part 

of the oblique rays when the firft and fecond magnifiers 

are ufed. 

V, a glafs tube to put a fmall frog of newt inr to fee 

the circulation of the blood. When the objedt is well 

expanded on the infide of the tube, Hide it over the hole 

c, in the center of the ftage; and bring that part of the 

object you would examine directly under the magnifier. 

c 4 YTX 
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W, a cell containing a concave and a plain glafs, is to 

confine fleas, lice, mites, or any fmall living objects, 

and being placed over the middle of the ftage, may be 

viewed with eafe. 

X, a plain circular glafs to be placed over the center 

of this ftage to lay any objects on that may at any time 

offer, and a loofe concave glafs being laid with its hollow 

fide downwards, will eafily confine any living infedl. 

Y, a long fteel wire with its pliers and point to hold 

or ftick objects on, flips backwards and forwards in a 

ihort brafs tube, which by the button fits into the hole 

of the ftage, and then it may be conveniently managed 

under the magnifier. 

O, a flat piece of ivory called a Aider with four round 

holes through it, and objedls placed in them between 

mufcovy talcs. 

Z, a little round ivory box to hold ifinglafs for the 

Aiders. 

U, a fmall hair brufh to wipe any duft off the glaffes? 

or to apply a drop of any liquid. 

J, a pair of nippers to take up any objedl to be ex¬ 

amined. 

The fcrew-barrel, or Wilfon’s fmgle pocket 

microfcope. 

THIS microfcope of Mr. Wilfon’s, is an invention 

of many years ftanding, and was in fome meafure 

laid afide, till Dr. Liberkun introduced the folar appa¬ 

ratus, to which he applied it, there being no other in- 

ftrument at that time which would anfwer his purpofe 

fo well; fince which time it has been revived, and efteem- 

ed, tho’ very troublefome in many cafes. 

The body of the microfcope is reprefented by A B, 

AB, fig. 12. made either of filver, brafs, or ivory. 

cc> 
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XXV The Mi cr of cope explained. 

C C, is a long fine threaded male fcrew, that turns 

into the body of the microfcope. 

D, a convex glafs, at the end of the faid fcrew, on 

which may be placed, as occafion requires, one of the 

two concave pieces of thin brafs, with holes of different 

diameters in the center of them, to cover the faid glafs, 

and thereby diminifli the aperture, when the greateft 

magnifiers are ufed. 

E, three thin plates of brafs, within the body of the 

microfcope, one whereof is bent femicircularly in the 

middle, fo as to form an arched cavity for the reception 

of a tube of glafs. 

F, a piece of wood or brafs, arched in the manner of 

the faid plate, and fattened thereto. 

G, the other end of the microfcope, w'here a hollow 

female fcrew is adapted to receive the different magni¬ 

fiers. 

H, a fpiral fpring of {feel between the faid end G, 

and the plates of brafs E, intended to keep the plates in 

a due pofition, and counteract againff the long fcrew. C. 

I, a fmall turn’d handle for the better holding the in- 

ftrument,4 to fcrew on and off at pleafure. 

To this microfcope belong feven different magnifying 

glaffes, fix of which are fet either in filver, brafs, or 

ivory, as in the figure K, and are marked, i, 2, 3, 4, 

5, 6. Obferve thelowefl numbers are the greateft mag-* 

uifiers. 

L is the feventh magnifier, fet in the manner of a 

little barrel, to be held in the hand for viewing any lar¬ 

ger object. 

M is a flat flip of ivory, called a Aider, with four 

round holes through it, wherein to place objects between 

two mufcovy talcs. 

Six fuch ivory Aiders, and one of brafs, are ufually 

fold with this microfcope, fome with objects placed in 

them? 



The Mtcrofcepe explained* 

them, and others empty, for viewing any thing that may 

©her, but whoever pleafes to make a large collection of 

objeTs, may have as many as he defires. 

There is alfo a brafs slider, not expreffed in the figure, 

to confine any finall objecl, that it may be viewed with¬ 

out crufhing or deftroying it. 

N, is a forceps, or pair of plyers, for the taking up 

©f in feds, or other obje&s, and adjufting them in the 

Q, a little hair brufh or pencil, wherewith to take up 

and examine a finall drop of liquid-. 

P, is a tube of glafs, to confine living objedfe, fuch 

as frogs, fifhes, &c. in order to di-fcover the circulation 

©f the blood. 

When you would view an objeft, thru ft the ivory 

fLider in which the fa-id objeCt is placed, between the two 

^at brafs plates ; obferving always to put that fide of the 

flider where the brafs rings are fartheft from the eye j 

then fcrew in the magnifying glafs you intend to ufe, 

at the end of the inftrument G, and looking through it 

againft the light, turn the long fcrew C C, till your 

©bj.e£t is brought to the true focal diftance, which you 

will know by its then appearing perfectly clear and di- 

ftinCL The way of examining any objeCt accurately, 

is. to look at it fir ft through a magnifier, that will fhew 

the whole thereof at once, and afterwards to infpect the 

feveral parts more particularly with one of the greateftr 

magnifiers; for thus you will gain a true idea of the 

whale, and all its parts. And tho’ the greateft magni¬ 

fiers can fhew but a minute portion of any object at 

©nee, fuch as the claw of a flea, the horn of a loufe, or 

the like j yet by gently moving the flider that contains 

your object, the eye will gradually overlook it all; and. 

if any part fhould be out of diftance, the fcrew CC 

Will eafily bring it to the true focus* 

As 
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As obje&s muft be brought very near the glaffes, when 

the greateft magnifiers are ufed, be particularly careful 

not to fcratch them, by rubbing the Aider againft them, 

as you move it in or out. A few turns of the fcrew C G 

will eafily prevent this mifchief, by giving it room 

enough. 

A fcrole for fixing Wilfon’s pocket microfcope, 

and refletfling light to it by a mirror. 

ABC, fig. 13. is a brafs fcrole, which, for the bet¬ 

ter conveniency of carriage, is fo ordered, as to 

take into three parts, and put into the drawer upon which 

it Hands, with its reflecting mirror, and Wilfon’s pocket 

microfcope. 

The top part of the fcrole is taken off at B, by un- 

fcrewing half a turn of the fcrew; then lift it up, and 

it comes out of the focket. The lower part unfcrews at 

C, and the bafe unfcrews at E. 

The mirror lifts out at F, which with the fcrole lie 

in one partition of the box. 

To apply this fcrole to life, fix the body of the microf¬ 

cope to the top thereof, by the fcrew A, as in fig. 13. 

by fcrewing it in the fame hole as the ivory handle. 

The brafs or ivory Aider being fixed as before defcribed, 

and the microfcope placed in a perpendicular pcfition ; 

moye the refle&ing glafs D in fuch a manner, as to caff 

the light of the fky, the fun, or a candle, direcffly up¬ 

wards, through the microfcope ; by which means it is 

made to anfwer moft of the ends of a double reflecting; 

microfcope, hereafter to be defcribed. 

It is alfo rendered more ufeful for viewing opake ob¬ 

jects, by fcrewing the arm Q_R, fig. 12. into the body 

of the microfcope, at G, then fcrewing into the round 

|iole R, that magnifier which you think, will beft fuit 

your 
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your objedt ; and put the concave fpeculum S on to the 

outfide of the ring R, you will find in the body of the 

microfcope, between the wood or brafs F, and the end 

of the male fcrew CC, a fmall hole U, through which 

Hide the long wire T, which has a point at one end, 

and forceps at the other, that may be ufed occafionaliy, 

as your objedt requires : when you have fixed this, and 

your object on it, turn the arm R, which is performed 

by two motions, till the magnifier is brought over the 

©bjedl; it may be then adjufted to the true focus, by 

turning the male fcrew C C, in the fame manner as 

before defcribed. It mult alfo be turned exactly over 

the fpeculum, by twilling the upper part of the fcrole to 

one fide, till your objedt, and the two fpeculums, are 

in one line, as will be found by trial, and then fix it 

by the fcrew B, at which time the upper furface of the 

objedt will be fo exceedingly enlightened by the light 

refledted upward from the mirror, to the concave fpe¬ 

culum, as to be feen as clear and diftindt as any tranf* 

parent one. 

The manner of applying Wilfon’s pocket mi¬ 

crofcope to the folar apparatus. 

HE folar apparatus having been already defcribed. 

JL it remains only to fhew how Mr. Wilfon’s pocket 

microfcope is to be applied to it. 

After having fixed the apparatus to the window-fhut- 

ter, and adjufted it to the altitude and fituation of the 

fun, fo as to form a round fpot of light on the fcr-een. 

Screw the tube K, fig. 4. into the middle of the plate 

A A at H, taking care not to alter the looking-glafs, 

after it has been adjufted to form a round fpot of light 

as directed before in the ufe of the folar microfcope \ 
then fcrewing the magnifier you choofe to employ to the 

end 
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end of your Wilfon’s microfcope, at G, fig. 12. in the 

ufual manner, take away the lens D, at the other end 

thereof, and place a Aider, containing the object to be 

examined between the thin brafs plates E. 

Things being thus prepared, fcrew the body of the 

microfcope A B, by the fcrew D, fig. 12. to the tube I 

at M, fig. 4. which Hides into the tube K, and pull 

out the faid tube I, more or lefs, as the objedt is capable 

of enduring the fun’s heat. 
i ! » 1 j ^ ' I 

The microfcope for opake objects. 

A Fig. 14. is a fixed arm, through which paiTes 

9 a fcrew B, the other end whereof is fattened to 

tire moveable arm C. 

D is a nut fitted to the faid fcrew, which when turn¬ 

ed, will either feparate or bring together the two arms 

AC. 
E is a fteel fpring, that feparates the two fides when 

the nut is un fere wed. 

F, a piece of brafs turning round in a focket, whence 

proceeds a fpringing tube, moving on a rivet, through 

which runs a fteel wire, one end of which finifhes in a 

point G, and the other end hath a pair of plyers R fol- 

der’d to it; thefe are either to thruft into, or to take 

up and hold any objedt, and may be turned round as re¬ 

quired. 

I, a ring of brafs, with a female fcrew fixed on an up¬ 

right piece of the fame metal, which turns on a rivet, 

that it may be fet at a due diftance wThen the leaft magni¬ 

fiers are ufed ; and ferves the ferews of all the magni¬ 

fiers. 

K, a concave fpeculum of filver polilhed as bright as, 

pofiible, in the center of which a double convex lens 

^ placed, with a proper aperture to look through it; 

✓ on. 
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on the back of this fpeculum a male fcrew L, Is made to 

fit the brafs ring I, which may be fcrewed into the faid 

ring at pleafure. 

Four of thefe concave fpecula of different depths, 

are fitted to four glades of different magnifying powers, 

to be ufed as objedts to be examined may require. The 

greateft magnifiers have the leaf! apertures. 

M, a round objedt plate, one fide white, and the 

other black, intended to render objedts the more vifible, 

by placing them, if black, upon the white, and if white, 

on the black fide. A fteel fpring N, turns down on each 

fide to make any object faft; and ifluing from the ob¬ 

ject plate is a hollow pipe to fcrew it on the needle’s 

point G. 

O, a fmall box of brafs, with a glafs on each fide con¬ 

trived to confine any living objedt, in order to examine' 

It j this alfo has a pipe to fcrew upon the end of the 

needle at G. 

P, a turned handle of ivory to fcrew into the inftru- 

ment when it is made ufe of. 

Q: a pair of plyers to take up any objedt, or manage it 

with conveniency. 

R, a foft hair brufti to clean the glalfes or fpecula. 

When you would view any objedt, fcrew the fpeculum 

with the magnifier you intend to ufe, into the brafs ring 

I, place your objedt either on the needle G, in the plyers 

H, on the objedt plate M, or in the brafs hollow box 

o, as may be moft convenient according to the nature 

and condition of it: then holding up your infirument by 

the handle P, look againft the light through the magni¬ 

fying lens, and by means of the nut D, together with 

the motion of the needle, by managing its lower end, 

the objedt may be turned about, raided, or deprefled. 

Brought nearer the glafs, or put farther from it, till you 

bit the true focal difiance, and the light be feen refledted 

fronj 
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from the fpeculum ftrongly upon the objedt ; by which 

means it will appear very diftindt and clear. 

The aquatic microfcope, ufed by Mr. Ellis la 

his difcoveries on corallines. * 

THIS microfcope is very Ample in its conftruction, 

eafy to manage, and very portable, as it lies flat- 

in the pocket. 
A, fig. 15. the brafs pillar that fcrews into the top 

of the box K, this box contains the whole apparatus. 

H, the fliank and femicircle, in which the concave 

mirror moves on the two axis, at I, I. 

D, the Aiding pillar to adjuft the filver difh with its 

lens at F F, to their proper focal diftance. Note, this 

pillar D is now made to Aide through the middle of 

the pillar A, for the convenience of being put into a 

lefs compafs. 

G, another filver fpeculum with a higher magnifier. 

E, the arm that fupports the filver fpeculum, is made 

to Aide backwards, forwards, and Tideways, fo as to view 

all parts of any objedts that may be laid upon the if age B. 

C, a plain glafs placed on the ffage, with a black 

patch upon it for opake objedts, and alio to lay all other 

kind of objedts on, whether they be tranfparent or 

opake. 

M, a vvatch-glafs to be placed on the flage B, infiead. 

of the plain glafs C, for aquatic objects. 

L, the nippers pointed at one end for different ob¬ 

jects, or to receive on the pointed end the ivory cylinder 

N, for opake objedts. 

O, pincers to take up fmall objedts. 

P, the brufh to clean the glaffes. 
I« 

* See Ellis’s eflay towards a natural hiltory of corallines. 
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To this microfcope we frequently add a Wilfon’s mi¬ 

crofcope, fig. 12. to which is fixed an arm like that at 

E, fig. 15. inftead of the handle I, fig. 12. by this 

means we have a more commodious inftrument than that 

before defcribed, fig. 13. of fixing Wilfon’s microfcope 

and reflecting light to it by the mirror, becaufe we have 

Wilfon’s for tranfparent, and this aquatic for opake ob¬ 

jects. 

But lately inftead of applying Wilfon’s, we have with 

greater propriety added the tooth and pinnion microfcope, 

fig. 5. in one cafe with Ellis’s microfcope j by which 

means we have a more convenient inftrument, that con¬ 

tains the principle apparatus of both, combined into a 

proper fize for the pocket. 

A Tingle and double aquatic microfcope. 

TIHIS inftrument has fome advantages peculiar to 

itfelf. Fig- 16. and fig. 17. reprefent the prin¬ 
cipal part of the inftrument 5 the firft fhews it ereCf, the 

fecond in an inclined pofition. 

The magnifiers. No. 6. are to be placed in the ring, 
fg, of fig. 16., 

i, 1, k, is the ftage or objeCt carrying plate, upon 

which ivory Aiders No. 9. or flips of glafs not expreft- 

ed in the plate, a round glafs, or a concave glafs No. 8. 

may be placed, each of them occafionally, and agreeable 

to the objeCt intended to be viewed. 

Upon one or other of thefe all objeCts are to be laid 
for examination. 

r, t, s, is the mirror, to refleCl light through any 

tranfparent objefit. 

When either of the magnifiers is placed in the ring 

fg, fig. 16. and an objedt laid upon the ftage i, l,k, 

ft may be brought nearly to its focus, by difcharging the 

fcrev^ 
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fcrew n, and Aiding the bar b, c, higher or lower; then 

by refixing the fcrew n, and turning the fcrew pq, 

you may obtain the true focal diftance of the magnifier 

then applied. 

Ivory Aiders and glafs plates, &c. may be laid acrofs 

the aperture ilk of the ftage. when the microfcope is 

in a vertical fituation, but when it is inclined as in fig. 

17. recourfe mud be had to the clip bed. No. 10. its 

Ihank d, a, is to be put into the focket 1 on one fide 

the ftage, and puftt’d down upon the Aider, glafs plane, 

&c. fo as to keep it from dipping off when the inftru- 

ment is inclined. 

A fmall fifti or frog may be tied on one of the glafs 

planes, or it may be confined thereon by the clip, No. 10. 

when the circulation of the blood is to be obferved. 

a, b, No. 11. are the nippers pointed at one end for 

different obje&s, or to receive on the pointed end the 

ivory cylinder, No. 12. for opake obje&s : this is to be 

applied to the microfcope, by putting the ftem c, into 

the hole m, fig. 16. 

There are fix magnifiers to this microfcope j one of 

them is reprefented at No. 5. another at No. 6. they 

are to be ferewed into the ring, f g. 

By means of the fhank fh, of the ring f g, which 

Aides backwards and forwards in the piece h z, and by 

the afiiftance of the joint at z, the magnifier may be 

brought over any part of the ftage, 1, i,kj the fcrew 

at y, will fix the magnifier, when it is found convenient. 

There are two filver fpecula to this microfcope, one 

of which is feen at No. 13. each of them contain a mag¬ 

nifying glafs ; their ufe is to illuminate opake objects ; 
thefe are to be ferewed into the underfide of the ring-, 

f O'. 1 a 

No. 14. is a little barrel, with a lens to be ufed in 

the hand, or ferewed into the ring fg, 

d No. 7, 
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No. 7. is a body containing two lenfes, by the help of 

which this inftrument becomes a compound microfcope* 

and is to be applied as follows ; fcrew the part a, of the 

magnifier, No. 6. into the ring fg, of fig. 16. then 

fcrew the end e of the body, into the female fcrew in 

the upper part of the button which contains the mag¬ 

nifier,, 

When either of the filver fpecula are applied to the 

body, No. 7. remove the ring f g, and put in a larger 

which is among# the apparatus in the box. Then fcrew 

the double microfcope above, and the filver fpecula un¬ 

derneath it. The body of the microfcope may be 

lengthened, by putting up the tube a b, out of its cafe 

cd. 
No. 16. is a hair pencil to clean the glades, and No. 

17, a pair of forceps to take up any frnall objedf; the 

fcrew No. 4. is to fix the oval plate A B C, to a wooden 

foot, by the hole at D; or it may be fcrewed to a table 

by the other fcrew No. 4. 

The univerfal fmgle microfcope. 

IG. 18. When it is firft taken out of its box, the 

Jl two legs A, B, are to be turn’d about upon 

joint C, till they make an equilateral triangle with the 

fixed leg D, then will the pillar E, be fupported in a, 

perpendicular pofture. 

F, is an illuminating glafs, for refiedfing the light of 

the fky, the fun, or a candle, upon the objedb : its fup- 

port H, is to be put into a hole, in the center of the 

round piece G, 

The objedt-bearer I, with its fprings b, and Aider 

K, has a fquare ftem behind the Aider, which is to be 

put into the hole at L, in the upright pillar E. 

MMM* 
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M iVI M, is a fcollop’d plate, which contains the flx 

tnagniners, numbered from i to 6, the leaft number be¬ 

ing the greateft magnifier j in the center, and on the un-» 

derfide of this plate, is a {hort cylinder, with a fmall 

ffeel pin near the end of it. This cylinder is to be placed 

in the top of the pillar E, in fuch a manner that the 

aforefaid ffeel pin may go into the flit at se. 

N, a black eye piece, hollowed out to defend the eye 

from the fide rays of light, under which the magnifiers 

may be turned round at pleafure. 

O, is a refledting fpeculum of filver highly polifhed 5 

which when an opake objedt is to be viewed, rauft be 

placed under the eye-piece N. By which means, the 

light thrown upon it from the mirrour F, will be by it 

collected and reflected back again upon that furface of 

the objedt next the eye; which will then be fo ffrongly 

illuminated, as to be examined with eafe and pleafure. 

P, is an adjufting fcrew, by the turning of which an 

objedt placed between the objedt carrying plate I5 and 

fprings b, is readily raifed or depreffed; until it is 

brought into the exadt focus of the magnifier. 

1, 2, 3, 4, 5, 6, are marks on the pillar E, to {hew the 

refpedtive diftances of the object from the magnifiers, ac¬ 

cording as each glafs magnifies more or lefs.—For in- 

ftance, if you ufe the 5th magnifier, firft place it under 

the eye-peice N, and then with your finger and thumb 

turn the fcrew P, till the finger of the hand which is en¬ 

graved on the fliding-piece Q, points to the mark 5 on 

the pillar; then will the objedt be very near its exadt dis¬ 

tance ffom the magnifier \ fo that by a turn or two of 

the fcrew P} either backwards or forwards, to be found 

by trial, you may fioon fit it exadtly to your eye. 

The object carrying plate I, and fteel fprings b, are 

capable of holding ivory Aiders, or other contrivances of 

different thicknefles, by unfcrewing the little fcrew c, 

and with your nail preflir.g down the Aider K, by the 

d 2 button 
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button d, the fteel fprings will then be fo feparated from 

the plate I, as to receive any other part of the apparattis 

and maybe there made fall by tightening the fcrewc. 

e, A nut, by the fcrewing of which the joint C may 

be tightened, if at any time it fliould wear eafy. 

The plate mark’d fig. 19. reprefents the apparatus be¬ 

longing to the univerfal fingle microfcope ; and alfo to 

the univerfal double microfcope, reprefented at fig. 20, 

Whereof, 

a, b, f. Is a contrivance to confine a fmall fifh, by put¬ 

ting its tail under a fpring on the infide at c, and tying 

the body of the fifh to the long part b, f, the two extreme 

ends of the tail may be drawn through the flits d, d, 

on each fide, that the middle of the tail may He flat : 

then put the end se of this fifh-pan between the object 

carrying plate I, and fprings b, of fig. 18, (they being 

firft opened to a proper thicknefs to receive it,) in 

fuch a manner, that the hole e, under which the tail 

of the fifh is placed, may lie nearly under the center 

of the hole f, in the objebt carrying plate I. In this po- 

fition, the circulation of the blood may be examined 

with eafe and pleafure. It may alfo be feen in the web 

between the toes of a frog’s hind foot, which is to be 

placed under the fpring at c, and its body tyed with a 

tape to the part b, f. 

R, is a piece of glafs to be placed as occafion requires, 

cither upon the furface of the objedt carrying plate I, or 

between it and the fprings b ; its ufe is to hold any ac¬ 

cidental objedt that may offer. 

S, S, a jointed Aider, containing two flat glafles, with 

cavities funk in them, defigned for confining any final! 

object without crufhing or deftroying it; and is alfo to- 

be placed between the objedf carrying plate I, and 

fprings b, which muff be fet wider to receive it as before 

di reded. 
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*fhe Microfcope explained. xxxvli 

T, is an ivory Aider with four holes, wherein to place 

different objects between two pieces of mufcovy talcs, 

and is alfo to be applied between the objedt carry¬ 

ing plate I, and fprings b, fee fig. 18. with the ivory 

Aider T, applied to it. 

V with its focket g, Aiding bar h, joint i, and its 

fpringing tube k, through which runs a fteel wire; one 

end whereof terminates in a ftrarp point 1, and the other 

hath a pair of plyers m, foldered to it: the joint i having 

a twofold motion for the ready placing the parts of an 

opake objedt before the magnifier. 

When this apparatus is ufed, the fquare Item n,- of 

the focket g, muft be put on to the pillar E, at the 

hole 1, fig. 18. and 20. (the objedt plate I, with its fprings 

b and Aider K being firft removed,) it is reprefented 

as applied to the microfcope at fig. 20. 

W is a round objedt plate, one fide black and the 

other white, for rendering objects the more vifible, by 

placing them if black upon the white, and if white upon 

the black fide. A fteel fpring o turns on each fide to 

make any objedt faft, and a hollow pipe p ifiues from 

the objedt plate which may be fcrew’d upon the Aiding 

wier’s point 1. y is another black and white objedt-plate, 

to be ftuck on the aforefaid wire’s point for opake cb- 

jedts. 

X, is a fmall brafs box, with a joint at q and a glafs 

on each fide, its ufe is to confine any living opake ob¬ 

jects for examination. This box alfo hath a pipe r, to 

fcrew over the end of the Aiding wire 1. 

Y, a pair of plyers or forceps, to take up any objedt, 

and manage it with conveniency. 

Z, a fmall ivory box, with ifinglafs, to be placed 

when wanted, in any of the ivory Aiders. 

f, is a feventh magnifier, fet in ivory, to be held in 

the hand or laid in the black eye-piece N, for viewing 

any large object. 

d 3 t, A 
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t, A little hair-brufh or pencil, wherewith to wipe 

any dud from off the glades, or to take up any final} 

drop of liquid one would examine, and to put it upon 

the glafs R. 

The microfcope being placed on a table near the win¬ 

dow, diredt the mirror F towards the fky, and then 

looking through the eye-piece N upon the objedt, placed 

next under the plate I, turn the illuminating glafs F, 

fo about upon its fupport H, and joint y, till the light 

is refiedted upwards to the objedt. 

When an opake objedi is to be viewed, place the re- 

fledling fpeculum O, exadily under the eye-piece N; 

fig. 18. and fix your objedt either on the point of the 

Hiding wire 1, in the plyers m, in the brafs hollow box 

X, or on the objedt plate W, then apply this whole ap" 

paratus mark’d V, to the microfcope, by putting its 

Hem n into the hole L of the pillar E, the object car¬ 

rying plate being firft removed. 

This microfcope maybe applied to the folar apparatus, 

by fcrewing the foot D of the finiverfal microfcope. fig. 
18. upon the end of the tube M, fig. 4. as before di¬ 

rected, in the defcription of the folar apparatus. 

The univerfal double microfcope. 

/"'STIII8 microfcope fig. 20. is compofed of three double 

JL convex lenfes, two of which are placed in the 

body thereof at a and b, and the magnifier at g, fix of 

which belongs to this microfcope, and are fixed in a 

fcollop’d plate M, M, M, moveable about a center at f, 

by which means either of them may be readily turn’d 

under the other two glafies, as at g, whereby the trouble 

of fearching out for different magnifiers is remov’d. 

The body of the microfcope is fupported by the arrq 

X? Jiaying a circular collar, whereinto it may be fcrew- 

ed* 
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*The Microfcope explained. xxxix 

ed, or from whence it may be eafily taken; this arm 

proceeds from the upper part of the Aiding focket T, f. 

The aforefaid focket T, f, together with the fcollop’d 

plate M M. M, and the body of the microfcope, may be 

moved up or down the fquare bar R S, which is divided 

into as many parts (i, 2, 3, 4, 5, 6.) as there are mag¬ 

nifiers of different foci", fo that the diftance of the ob¬ 

ject from the objeCt-glafs may be found without any 

trouble, by fetting the finger of the hand engrav’d upon 

the focket, to the correfpondent numbe rof the magnifier 

(the nunder the body of the microfcope) on the bar R S, 

and fixing it there by help of the fcrew h. But as it is 

fcarce exactly enough determined this way, the object 

may be brought nearer to, or removed farther from the 

magnifier at difcretion, by a turn or two of the fcrew P. 

Remembering at the fame time, the upper hand is fet to 

any number on the fquare bar, to place the index on the 

piece Q, to the fiower-de-luce on the upright pillar E. 

O, is a reflecting fpeculum highly polifhed, which 

muft be placed at R, when an opake objeCt is to be 

viewed, on which a direCt light becomes reflected from 

the aforefaid fpeculum. 

The fquare bar R S, fits into the top of the upright 

pillar E, and may be made faff thereto by the fcrew at ae. 

The object-bearer I, ivory Aider, illuminating glafs 

F, with its fupport H, and round piece G, and the ap¬ 

paratus V, with its nippers and Aiding wire, &c. having 

been fufficiently defcribed in the ufe of the Angle uni- 

verfal microfcope, 1 fliall refer the reader to that for the 

ufes thereof, and alfo for a defcription of the apparatus, 

which is exaCtly the fame as that reprefented in fig. 19. 

and its ufes and application to this univerfal double mi¬ 

crofcope, the very fame as in the foregoing univerfal An¬ 

gle one, 

A <4 
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A new compendious pocket microfcope. 

THIS inftrument being an abridgment of the varia¬ 

ble microfcope, is contrived for the pocket, that 

it may be ready when gentlemen and ladies are amuAng 

tbemfelves in their gardens, parks, &c. to infpedt, and 

collect fuch objedfs as may be proper to preferve for a 

future examination, to be viewed in the variable microf¬ 

cope, fig. i. and 2. or to delineate them by help of the 

camera microfcope, fig. 6. or 7. either in the fun Aline, 

or in long winter evenings. 

ABC, fig. 21. No. A. reprefents the body of the 

microfcope, containing two eye glafles at A, a third at B, 

and a fourth glafs between B and C, at the end C, is 

feen the dove tail into which the brafs Aider F that 

contains the fix magnifiers, is to be put. The numbers 

I, 2, 3, &c, being placed at the extremity of the dove¬ 

tail at C, the magnifiers correfponding to each number, 

will then be under the center of the body of the microf¬ 

cope, the leaft number is the greateft magnifier, 

This microfcope in its compound flate has the property 

of increafing the field of view and the light; as has been 

iliewn in page ii. in the defcription of the variable 

microfcope, as well as that of increafing the magnifying 

power of each particular magnifier. 

The compound body ABC, is fupported by an arm 

N O, into which at C, it may be fcrewed or taken 

out occafionally. This arm N O, Aides backwards or 

forwards into the box P, which turns round on the 

top of the moveable pillar R, by which double motion 

every part of an objedt of tfie fize of the fcage D D may 

f>e readily examined. 

The Aiding bar R may be raifed or deprefied by turn¬ 

ing the ivory head I, fo as to adjufi: the body of the mi- 

crofcope 
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crofcope with either of its magnifiers to their proper 

focus. This .Hiding bar R being connected with the 

bar XS, that is moveable upon a joint at S, the microf¬ 

cope may be thereby placed to any convenient oblique 

fituation. W, is a key to tighten the joint at S, if 

xequifite. 

The joint at S turns horizontally in the center z of 

the triangular feet V V V, which fupport the whole 

inftrument. 

The ftage D D Hides into a dove-tail at e, in this the 

ivory Aiders G are to be placed to examine fuch objects 

as are placed between the talcs ; or all cafual objedts 

may be placed upon the flat glafs K, when put into the 

ftage, and examined with eafe, or if they be animalcula 

in fluids, the concave glafs L is to be applied to the ftage 

D D, or if they be living infedts, fuch as flies &c. firft 

place the concave glafs L upon the ftage, and cover it 

with one of the flat glafles K, and you may examine it 

with pleafure. 

Many objedts may be viewed by being pinched in the 

nippers b, the ftage D D being firft removed, and the 

part d of the nippers b with its joint c, being put into 

the dove-tail at e: the whole of fuch objedts may be 

turned round, and every part of them examined with 

pleafure. 

The illuminating glafs Q_Q^turns on the two a,xis 

n, n, and alfo at f, by which means it may be readily 

directed to a white cloud and reflect the light under any 

tranfparent objedt to the eye at E, and alfo to either of 

the concave filver f^ecula M when an opake objedt is 

to be examined that the light may be thrown on that 

furface of the objedt which is next the eye. 

When an opake objedt is to be examined, unfcrew the 

dove-tail piece at c, and fcrew one of the filver fpecula 

M into its place) lay your objedt on one of the round 

glalfes 
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glaffes K or L, or place it upon the ivory cylinder at r, 

one fide of which being black, the other fide white, for a 

contraft to any objedl that may offer. 

T, is a pair of forceps to take up any fmall obje£f. 

Remove or unfcrew the body ABC, and fcrew in its 

place the black eye-piece H, and you will have an excel¬ 

lent fmgle mierofcope to be ufed with all the above ap¬ 

paratus already defer jbed. 

To 
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To chufe, prepare, preferve, and apply objeds 

to the microfcope. 

WE muft be yery curious in chufing fuch objeds 

as are proper for the microfcope, which are 

either fmall parts of larger bodies, or exceeding fmall in- 

feds, falts, fands, feeds, farina of flowers, &c. or the 

interftices between the folid parts of bodies, as minerals, 

fhells, the air veftels in vegetables, pores in the bones, 

(kin, &c. of animals, or the motion of the feveral parts 

of minute animals, or of the fluids in animal or vegetable 

bodies. 
The greateft care imaginable fhould be taken in pre¬ 

paring objeds for an examination ; otherwife the bell 

(kill’d in magnifying glafles may be milled, if they give 

too fudden a judgment on what they fee, without alluring 

themfelves of the truth by repeated experiments. 

If objeds are flat and tranfparent, the bell method is 

to inclofe them between two mufcovy talcs, in an ivory 

Aider, as the farina of flowers, fcales of fllhes, wings of 

butter and other flies, &c. the bodies of minute infeds, 

i&c. By this method, every virtuofq may always have 

ready two or three dozen of thefe ivory Aiders, furnifhed 

with the moft curious objeds ; which will be a moll de¬ 

lightful natural hiftory of the furprizing beauty, perfec¬ 

tion, and contrivance, we find in the works of nature. 

In colleding objeds for the ivory Aiders, care Ihould 

be taken to put thofe into the fame Aider, which are of 

the fame degree of tranfparency and fize ; that they may 

all be viewed with the fame magnifier. There is a con¬ 

vex glafs of about an inch focus to hold in the hand, 

in the cafe with moft microfcopes, by the help of which 

you may adjuft the objeds properly between the talcs, 

before you fix them down with the brafs rings; the 

number 
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number of the magnifier may be alfo marked on each 

Aider its objedts are fitteft for. Many fmall living ob- 

jedfs may be placed in this manner between the talcs, 

fuch as mites, or any other fmall infedfs which will re¬ 

main alive feveral days. But for prefent examination, 

thefe, as well as larger objedts, may be laid in the hollow 

of a glafs Aider, and that covered with a flat glafs Aider, 

or they may be pinched in the nippers, or ftuck upt>n 

the point as occafion may offer. 

The animalcula in fluids, may be examined in a fmall 

drop of water taken up with the head of a pin or a hair 

pencil, and placed in the hollow of a glafs Aider; if on 

viewing them, you fliould find them exceeding nume¬ 

rous (as is often the cafe,) that by their continual run¬ 

ning over one another, their fhape cannot he diftinguifh- 

ed, fome part of the drop muft be taken off the glafs, 

and a little fair water put to the reft, which will fepa- 

rate, and make them appear diftindt. It is neceflary 

thus to dilute, with fair water, the femen mafculinum 

of all animals ; otherwife their fhape cannot be difcover- 

ed, they are fo crowded together in fuch infinite num¬ 

bers. 

If falts in fluids are to be viewed, you muft let the 

fluid evaporate, that the falts may be left behind upon 

the glafs, and be more eafily examined. 

For viewing the circulation of the blood in the tails of 

fifties, in frogs, newts, &c. they are fometimes put into 

glafs tubes, or tied upon one of the glafs flips or upon 

a fifti-pan which is made to fome microfcopes, or by 

the frog frame in the meflentry of a frog to the higheft 

advantage, as will be hereafter (hewn. 

Patience and dexterity are required to difledt infedfs, 

and view their internal ftrudture, which will be eafily 

done with a fine needle and a lancet; if they are placed 

in a drop of water, their parts will then be feparated 

with 
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with eafe ; and the ftomach and bowels lie plainly (be¬ 

fore the microfcope) to be viewed and examined. 

Bits of different colour’d glafs are neceffary for this 

purpofe, to plage objects on, becaufe many obje&s are 

much more diftinguilhable when placed on one colour, 

than on another. Glafs tubes of all fizes are likewife 

of ufe, from one-half of an inch bore to a fine capillary. 

Opake obje&s may be preferved in a box divided into 

cells, each containing a few flips of card, &c. on which 

the objedts are glued with ftrong gum water, or mouth 

glue; and if thefe little flips are ftained with feveral 

colours, which may give a contrail to that of the ob- 

jedl, it will be feen to the bell advantage. 

All other forts of little crawiing animals, which are 

fo very fmall that one can hardly touch them without 

deffroying their lives, are bell glued as it were upon the 

point of a fine fewing needle, firffc dipped in turpentine. 

(The needle being firft made fall to the end of a fhort 

bit of Hick by way of handle to it.) If you do but 

juft touch the back or fide of any one of thefe minute 

animals therewith, it will ftick fo fall thereto, as not to 

be able to remove itfelf; by which means they may 

be examined with eafe and pleafure. The fewing 

needle mull be held between the nippers, and fo placed 

before the magnifier, that any part of the animal may 

be turn’d before the microfcopic lens, by twilling the 

handle of the fewing needle, as you find occafion. 

Hairs, wings of flies, fmall feathers of birds. See., 

are bell perceived, and eafieft examined, when placed 

between two mufeovv talcs in an ivory Aider. 

A me- 
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A method of meafuring ©bjeds that are viewed 
in compound microfcopes. 

THE general practice being formed tinder the con- 

fideration, that a perfon of a common fight fees 

©bjeds diflind at about eight or ten inches diftance 

from his eye, let us fuppofe ten inches 3 if the fame per¬ 

fon looks upon the fame objed with a lens of one and 

i-quarter inch focus, he will fee this objed eight in¬ 

ches nearer to his eye ; and as the angle formed by the 

image on the retina, appears eight times greater, fo 

knowing the focus of any fmall lens, it will be eafy to 

find how much the appearance of the objed is magnified, 

by finding how many times its focus is contained in 

eight or ten inches, See. but a$ this method is doubtful 

in feyeral refpeds, we fhall only mention the difficulty 

of coming at the precife focus of a very fmall lens ; and 

alfo obferve, that thofe who are fhort-fighted, cannot 

comply with a bafe of eight or ten inches for their cal-» 

culations 3 and thence proceed to the following eafier 

method. 

All convex lenfes of any foCus, have the property of 

doubling the apparent diameter of an objed, and confe-\ 

quently of quadrupling the farface, * provided the ob¬ 

jed is at the focus of the glafs on one fide, and the eye 

in the oppofite focus on the other fide. 

Take a double convex lens of eight or fix inches fo¬ 

cus, fig. 21. and fix it at A, perpendicular to a rule 

FG, divided into inches and parts upon a Aiding piece 

at B j flick a piece of white paper as at D, two or three 

tenths of an inch broad, and three inches long, on 

which draw three black lines which fhall divide the 

breadth into four equal parts, and obferve that the mid¬ 

dle 

* Journal CEconomique pour le Mois d’Aout, 1753- 
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die of this paper correfponds to the center of the lens * 

an eye-piece E muft alfo Hide upon the rule. Being 

thus prepared, go into the darkeft and moft remote part 

of a room from the window, and diredt the glafs A to¬ 

wards any remarkable objedt without doors, and move 

the Hiding piece B, until the focus is determined upon 

by the rule, by a diftindt reprefentation of the objedt j 

count the inches and parts between the edge of the Hide? 

B, and center of the lens at A, and Hide the fight E 

on the other fide of the lens to the fame diftance, this 

will give the double focus. 

Place one eye clofe to the fight at e, and with the 

other eye look at the objedt D j you will then find the 

image feen through the glafs A, and exprelfed by the 

dotted lines, to be double the breadth of the fame image 

feen at the fame time by natural vifion ; this holds good 

whatfoever the focus of the lens may be with which you 

make the experiments : the fame proportionable diftance' 

being attended to between the eye and the lens, and 

from thence to the objedt, the breadth of the objedt will 

always be double to that feen by the naked eye. 

In fig. 22. Let the angle A F B, be equal to that 

made by the naked eye without a glafs, from the rays of 

light, palling by the extremities of the objedt till they 

unite in the eye at the point F. 

The angle D F E, is equal to that which firft came 

parallel from the fides of the objedt A B, to IK, from 

whence they were refradted through the lens to the point 

F its focus. 

CO, is equal to the focal diftance of the lens on the 

fide next the objedt; cF equal thereto on the fide next 

the eye F O, the diftance between the eye and the ob¬ 

jedt. 

It is evident the naked eye would fee the objedt from 

the point C, of double the fize it would appear if viewed 

from the point F; as the diftance F O, Is twice that of 

CO, 
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C O, we muft prove the angle A C B, to be equal ta 

that of I F K. 

The optical axis F O, being perpendicular to the glafs 

and furface of the objedf, the parallel rays A I, BK, 

flowing from the points A and B in their progreffion 

towards the eye* are alfo perpendicular thereto, until 

they arrive at the lens, where they project the diameter 

of the objedt at I K : hence F C=C O and I K—A B, 

the two triangles A C B, IF K, will be fimilar, and 

thence the two angles at the points C and F, equal j 

but the vifual rays F I, F K, continued to the furface of 

the objedt D E, will form the angle D F E, equal to 

the fir ft angle ABC; there/ore, as CO: AB : : F O: 

DE, whence it is plain, that the diameter of the objedf, 

appears double the fize when feen through the lens* . 

than when it is viewed with the naked eye, and confe- 

quently quadruple in furface. 

No notice has been taken of. the double bending of 

the rays in their paftage through the lens, it being a na¬ 

tural effedt, has no weight in the demonftration, as ap¬ 

pears from the line S S, which is in the diredtion of the 

pafiage of the rays through the lens, whence it may be 

fuppofed the rays bend only on the line G H. 

On the removal of the eye from F to M, half the 

focal diftance, the apparent diameter of the object will 

only be magnified one third. 

On the contrary, if the eye be removed from F to 

N, double the focal diftance ; the diameter of the objedt 

will appear tripple': whence it is plain, that if the point 

of fight be taken at any other diftance, but the focal 

point- of the lens, the apparent magnitude will be either 

greater or lefs. 

The fimpleft method to find the magnifying power of 

^ny compound microfcope, is to have a little ebony rule, 

three or four tenths of an inch broad, about one tenth 

thick, and feven inches long; at each inch is fixed a 

piece 
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piecd of ivory, about 2-ioths broad, the fir ft inch being 

intirely ivory, is fubdivided into io equal parts. See 

%• 23. 

A piece of glafs, fixed in a brafs or ivory Aider, on 

which is drawn two parallel lines, acrofs its diameter, 

about 3-ioths of an filch long; each tenth being di¬ 

vided, viz. one into three, the fecond into four, and 

the third into five parts : this is called a micrometer. 

See fig. 24. 

The ufc of thefe are as follow ; place the micrometer 

fig. 24. on the middle of the flage, and the rule fig. 23. 

on one fide, but parallel to it; then look into the mi¬ 

crofcope with one eye, keeping the other open, obferve 

how many parts, one tenth of a line in the microfcope 

takes in upon the parts of the rule feen by the naked 

eye. For example, fuppofe with a fourth magnifier, 

that i-ioth of an inch magnified; anfwers in length to 

forty tenths or parts on the rule when feen by the naked 

eye; which fhews that this magnifier increafes the dia¬ 

meter of the objedt forty times. 

The fimplicity of this method, gives general fatisfac- 

tion to thofe who can manage it; but there are fome: 

people who find it difficult, from their not having been! 

aCcuftomed to obferve with both eyes open, for fuch per- 

fons another micrometer is provided,* 

A micrometer for a compound microfcope. 

F' IG. 28. reprefents this micrometer; it is applicable 

to the body of any compound microfcope,- It was 

made for his majefty in the year, 1761, and with it was 

then prefented a manufcript of its ufe, of which the fol¬ 

lowing is an extra# with feme alterations. 

The ferew has fifty threads to an inch, it carries ah 

index, pointing to the divifions on a circular plate, fixed 

e a* 
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at right angles to the axis of the fcrew; its revolutions 

being counted on a fcale of one inch, divided into fifty 

parts. 

Thus every revolution of the micrometer fcrew, de¬ 

termines i-50th part of an inch, and the circumfe¬ 

rence of the circular plate, to which the index of this 

fcrew points, being divided into twenty equal parts, we 

have by infpedtion any certain number of thefe parts 

contained in any part of one fingle revolution of the 

micrometer fcrew : by this means we obtain one fingle 

thoufandth part of an inch. 

To the Hiding piece of this micrometer, is fixed a 

fmall needle in fuch a manner, that its point may traverfe 

acrofs the field of view, by which means we are enabled 

to meafure the length and breadth of the image of any 

objedt applied to the microfeope, but not that of the ob¬ 

ject itfelf, without another affiftance. 

This requires an attentive eye to watch the motion of 

the needle’s point, as it pafles over the image of a known 

part of an inch placed on the ftage; we acquire a very 

fmall part of an inch by help of the following fcale. Fig. 

25, 26, 27. in which the two lines c a, c b, with the 

fide a b, form an ifocelles triangle; c a, and e b, being 

each of them two inches long, and the fhort fide a b, 

exadfly i-iothof an inch. The two longfides ac, be, 

may be of any length we pleafe, and the fhort fide 

equal in length to 1 -ioth of an inch ; the longer fides 

may be faid to reprefent the lines of lines, upon a fee- 

tor opened to i-ioth of an inch : hence whatever num¬ 

ber of equal parts c a, c b, are divided into, their tranfi- 

verfe meafure will be fuch a part of i-ioth of an inch 

as their divifions exp'refs. Thus if it be divided into 

ten equal parts, this will divide the inch into one hundred 

equal parts, the firft divifion next c, will be — i-ioofh 

part of an inch, becaufe it is the tenth part of I-ioth 

of an inch. If thefe lines are divided into twenty equal 

parts, 
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parts, the inch will by that means be fubdivided into 

two hundred equal parts. Laftly, if a b, c a, are made 

about three inches long, and divided into one hundred 

equal parts, we obtain a divifion of i-ioooth part of 

an inch, as in fig. 27. In this figure the breadth a b is 

i-ioth of an inch- the next divifion to it is 9,9-1 ooth 

parts of i-ioth; or in other words, it is i-ioooth part 

of an inch fhorter than i-ioth, and fo on till you come 

to the point c. 

The firft of thefe fcales was drawn on a filver bar, 

in form of fig. 25. 

This fcale has been fince changed by Mr. Cummins, 

thus ; inftead of making a folid bar in the {hape of fig. 

25. he made a perforation of the fame fhape, between 

the edges of two plates, as in fig. 27. which is more 

agreeable to the eye, when viewed in the microfcope, 

the light paffing thro’ the aperture ; and in the body of 

the microfcope to be ufed with this apparatus. At the 

field of view was placed a circle of i-6th of ail inch 

diameter, cut on a glafs plane, which is to be clipped by 

the inner edges of the fedtoral fcale, in order to come at 

the magnifying power of the inftrument, 

But this apparatus, as hitherto applied, is not fo ufeful 

as the following, therefore we Ihall proceed to give. 

The ufe of the micrometer and fedtoral fcale, 

when drawn on glafs or mufcovy talc. 

FIG. 28. reprefents the micrometer which we menti¬ 

oned before ; to place it upon the body of the mi¬ 

crofcope, open the circular part F K H, by taking out 

the fcrew g, and throwing back the femicircle F K 

which turns upon a joint at K, as may be feen in fig. 28. 

Now turn the upper tube of the body of the microfcope, 

fo that the fmall holes in both of them may coincide to 

■« 2 let 



Hi The Mi cr of cope explained. 

let the n.eedle g of the micrometer have a free paffags. 

through them, and fcrew it faft upon the body by the. 

fcrew G, palling through the two ears F and H, and 

it will then appear as at X, fig. i. Place the fe&oral 

fcale, fig. 26, which is drawn on glafs, on the ftage, 

and adjuft the microfcope to its proper focus., or diftance 

from the fcale, which Aide on the ftage until the largeft 

extremity appear in the middle of the field of view, and, 

bring the needle point, by turning the head L, to touch 

one of the lines c a, exadtly at the point anfwering to 

20, the index at a fig. 28, being fet to the. firft divifion, 

and that on the dial-plate, which could not be reprefented 

in this figure being fet to No. 20, which is both the be¬ 

ginning and ending of its divifions. We fhall then be 

prepared to find the magnifying powers of every magni¬ 

fier in any compound microfcope whatfoever, if the above 

cautions are attended too. 

Example. 

Every thing being prepared as we have diredled, and 

any magnifier, fuppofe No. 4, in the firfi: table to be 

ufed, turn the micrometer fcrew until the point of ths 

needle has paid over the magnified image of the 30th 

part of one inch, then the divifions where the two indices 

remain, will (hew how many revolutions and parts of a 

revolution the fcrew has made, while the needle-point 

traverfed that magnified image of i-ioth of an inch, 

the refult was twenty-fix revolutions of the fcrew, and. 

fourteen parts of another revolution, which is equal to 

26 x 20 -f- 14* xz 534 thoufandth parts of an inch.- 

Hence we derive an eafy.way to count the divifions on 

the micrometer, thus finding upon the straight fcale 

twenty-fix divifions while the needle point pafied over 

the magnified image of i-ipth part of an inch, which 

being multiplied by 20, becaufe the circular-plate C D. 

Fig. 28, is divided into twenty equal parts produces 52c, 

v then 
/ , . t ^ 
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then adding the fourteen parts of the next revolution 

we obtain the 534 thoufandth parts of an inch, which, 

is the meafure of the image of i-ioth of an inch mag¬ 

nified at thg aperture of the compound microfcope, or 

rather the field of view to be equal to the meafure of 

5-ioths and 34-iocdredths parts of another tenth. 

And as we fuppofe the compound focus of the two eye- 

glaffes in the variable microfcope to be one inch 2-ioths* 

zz 1,20, its double will be equal to 24P thoufandth 

parts of an inch for the diftance of the eye from the 

image, or from the needle-point of the micrometer._ 

Again, if we take the diftance of the image, from the ob¬ 

ject on the ftage which is 6, 40-100 inches equal to 6, 

40 thoufandth parts of an inch, and add thereto 240, 

double diftance of the focus of the eye-glaft, we fhall 

have 880 thoufandth parts of an inch for the diftance of 

the eye from the objedt, and from the property of the 

eye-glafs in doubling the image, we muft alfo double 

the number 534, found upon the micrometer which 

pukes 1068, then by the following analogy, fay; 

As 240, the diftance of the eye from the image, is to 

880, the diftance from the eye to the objedf :: fo is 1068, 

the double of the meafure found on the micrometer, to 

39,16 the number of times the microfcope magnifies the 

diameter of the objedt. 

Having thus obtained the magnifying power of all the 

magnifiers when applied to the compound microfcope, by 

(hewing how much the objedt is magnified ; the next 

ftep to be confidered is to calculate a table of the powers 

of every (ingle objeft lens, of the particular microfcope 

the reader may be poflefied of, becaufe it is almoft im~ 

poifible to work two deep magnifiers, that (hall be pre- 

cifely of the fame focus; therefore the table I have here 

fubjoined, will not aniwer every microfcope, but may 

nearly aniwer the variable microfcopes which I make. 

The 
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The above analogy will anfwer to every compound 

microfcope, but the refult will not be the fame. 

The next enquiry is the minutenefs of the object itfelf, 

which requires a table fhewing the apparent fize of ob- 

jedts feen under the various revolutions and parts of a 

revolution of the micrometer fcrew; to perform this. 

Put on any magnifier, as No. 4, and the fectoral 

glafs-fcale on the ftage, raife or deprefs the microfcope 

till the objecft appears diftindf, meafure the diftance from 

the ftage, to the hole, thro’ which the needle enters the 

body of the microfcope, then apply the micrometer, and ad- 

juft the point of the needle to the edge of the field of view, 

count how many whole revolutions the micrometer- 

fcrew makes in palling acrofs the diameter, which we 

find to be 40, now multiply 40 by 20, (the number of 

parts the dial-plate is divided into), and we {hall obtain 

its meafure to be equal to 800 thoufandth parts of an 

inch, its double is equal to 1600. 

The meafure of the diftance from the ftage to the 

needle-point, as found above, being equal to 640, to 

which adding the double focus of the eye-glafs rzc 240, 

we obtain 880 parts for the diftance of the eye from the 

object, then doubling the number found on the micro¬ 

meter, which is ] 600 ; fay, 

As the diftance of the eye from the image 240: is to 

double the meafure of the feild of view 1600 :: fo is the 

mean diftance of the eye from the object 880: to a fourth 

number 586,666, whiph divided by 40, the No. of revo¬ 

lutions of the micrometer-fcrew, produces 146.666 thorn? 

fandths parts of an inch. The two tables follow : 

Table I, 
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Table I. Table II. 

Magnifying Powers. 

Diameter Surface. Solidity. 

i 624.85 3S9376 24I97°324 
2 184.36 32856 6035504 

3 69.51 4716 328509 

4 39.16 1521 59319 
5 26.46 679 17576 

6 16.71 256 4O96 

i 203.25 41209 8365427 

2 79.89 6241 493o69 
3 45*^5 IO25 46125 

4 28.35 784 21952 

5 15.92 22 5 3375 
6 I2*39 144 1728 

Revo¬ 
luti¬ 
ons. 

The meafure 
of any num¬ 
ber of revo¬ 
lutions given 
to any extent 
on the llage. 

I 146 

2 293 
3 440 

4 586 
r“ 

D 733 
6 880 

7 1026 

8 1173 
9 1320 

10 1466 

20 2933 
30 4400 

40 58 66 

The firft of thefe tables was made from the mean 

diftance of all the magnifiers from the ftage, or in other 

words the mean height of the needle-point from the ob¬ 

ject; but as this is done only to ftiew how to form fuch 

another fett of tables, if more exadtnefs be required, it 

may be neceflary to have three fuch tables, at leaf! one 

for the mean height between the two greateft, one a 

mean between the two middle magnifiers, and a third be¬ 

tween the two (halloweft. 

Thefe tables being once made, their ufe is very eafy; 

tile firft table of the meafures anfwering to the revolu¬ 

tions 



Ivi The Alter of cope explained'. 

tions of the micrometer-fcrew, being exprefled in the 

thoufandth parts of an inch, are eafily read as fallows'. 

Oppofite to 20 revolutions, you find the No. 2933, the 

firft fig. 2, is 2 inches, the fecond being 9, ftiews 

9-tenths, and the two laft figures being 33, are 33 

parts of 100, which we have divided each fingle 

10th of an inch into, by means of the micrometer-fcrew; 

therefore the meafiire of 20 revolutions* is equal to 

2 inches 2-tenths, and TV-6dreth parts of another tenth. 

Again, if you meafure nine revolutions by the micro¬ 

meter-fcrew in the fame manner, it will be found from 

the firft table to be 1320, which is equal to one inch* 

three tenths, and twenty parts of 100 of another tenth, 

Likewife in the fame table 1, where we have but three 

figures as at five revolutions, which are 733, here the 

firft is feven tenths of an inch, and the two laft 33 parts 

in 100, of another tenth, that is feven tenths and 

-iVodredth parts, and fo of the reft. 

In the column entitled Diameter in the fecond table* 

the numbers are alfo exprefled in thoufandth parts of art 

inch, fo that the two laft figures to the right-hand are 

decimal parts of one tenth of an inch * the third figures 

from the fame hand are tenths, and all the reft are whole 

inches. As all thefe meafures are computed from the 

number of revolutions of the micrometer-fcrew, in pafiing 

over the magnified image of i-ioth of an inch ; it is 

plain, that the numbers in this column which ftand againft 

the number of each magnifier, exprefs the true meafure 

fof the magnified image. 

Example. 

Againft the third magnifier which is fet in a button* 

We find 6951* this fhews that one fingle tenth part of 
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i inch Is magnified to the length of fix inches, g-icths, 

and 51-iOOth parts of another tenth in length,-we 

therefore without exaggeration fay, every objedt examined 

with this magnifier, is magnified fixty-nine times and 

half, and fo of all the reft. 

The ufe of the preceeding Tables* 

IF the apparent length or breadth of any object be 

required, meafure it by turning the micrometer-fcrew. 

Until the point of the needle has pafted over that part of 

the image under confideration, and you obtain the revo¬ 

lutions agreeable thereto. 

Example I. 

Suppofe you have 20 revolutions, which irt the firft 

table anfwers to 2933, this is equal to 2 inches q-ioths 

^ybdredths; then to find the fize of the objedt itfelf, enter 

the fecond table with the number of the magnifier in ufe 5 

fuppofe the third magnifier* againft which in the column 

entitled Diameter, you will find 6951, which 

fhews the third number magnifies 69 one half times 5 

this fhews the diameter of the object to be no more than 

I-6qth part of two inches and 9-ioths,-whence di¬ 

viding the number in the firft table by the magnifying 

power found againft the number of the magnifier in the 

fecond, the true length of the object itfelf is found to be 

42-1 ooth parts of i-ioth of an inch. 

If any number of revolutions of the micrometer-fcrew 

fhould happen between 10 and 20, 20 and 30, &c. 

the meafure muft be taken out from the firft table twice., 

as follows: 
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Suppofe you have 25 revolutions, take out the num^ 

hers anl'wering to 10 and 5, add then) together, and 

you obtain your defire j or thus, 

Revol. 
20 - - 1466 

5 ~ " 733 
•---— inch, tenth 

Revol. - - 25 - - 2199 its Meafure ~z 2 — 1 -^ths. 

Example II. 

Suppofe we have 25 revolutions of the micrometer* 

ferew, they will be found equal to 2199, (as we have 

fhewn above), which is 2 inches i-ioths and 99-iGQ 

parts of another tenth, and if we apply the firft magnifier? 

which is fett in what is generally called a button, in the 

fecond table againft the firft number 1, will be found 

624 85, we reject the fractional parts, to prevent exag¬ 

geration, which fhews that number r, does at leaft in-? - 

creafe the image of the diameter of any object viewed 

through it 624 times. Therefore the object under con- 

fideration is 110 longer than 1-624th part of 2 inches 

i-ioth, and 99-100 parts of another tenth, which by 

the preceeding method of calculation will be equal to 

35-iPodredth parts of j-ioth of an inch. 

Example Ilf. 

If we had only two revolutions, which in the firft table 

anfwer to 293, this number exprefies as we have before 

fhewn, 2-ioths and 93-tooth parts of another tenth, 

tfie fame firft magnifier being applied to the microfcope.—?* 

The diameter of fuch an object would be no more than 

the 624th part of 2-ioths T9^dredth parts of an¬ 

other tenth, which is equal to Tlfs^thoufandths parts 

of 
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of one fingle tenth part of an inch. What an amazing 

minutenefs ? and if we reflect on the far more furprizing 

minutenefs of living animalcuia, which are extended 

throughout the creation to a meafure extremely fmaller 

than that above-mentioned, and all difcernable by a 

human eye, afiifted with fuch magnifying powers, 

how can we forbear exclaiming with the Pfalmift, 

Q Lord, how wonderful are all thy works ! in wifdom 

thou haft made them all ! 

A 
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NATURAL HISTORY 

Of a great Variety of 

Aerial, Terrestrial, and Aquatic 

ANIMAL S, &c. 

CONSIDERED AS 

MICROSCOPIC OBJECTS. 

Of the circulation of the blood, and how to 

examine it by the microfcope. 

HIS noble fluid, the blood, yields us the mofl: 

fublime fpeculations imaginable, by the afliff- 

ance of the microfcope. For by the help of 

it, human blood, and that of land animals, is 

found to confift of round red globules, which- float in a 

tranfparent fluid, each of which is compos’d of flx fmal- 

ler, and more tranfparent ones, and each of thefe (as 

Mr. Leeuwenhoek has {hewn in his 128th epiftle to the 

Royal Society) into fix more minute and without colour. 

He hath alio {hewn us, how eafily fix foft flexible glo- 

B bales. 



2 Of the Circulation of the Blood. 

Buies, which are compreffible into any flhape, and' in 

continual motion, may, by finking againft each other, 

Compofe one large globule of a perfectly fpherical figure, 

one of which, and five of the {mailer fort, as they appear 

in contact, the fixth lying behind, is reprefented fig. 29. 

which, by their mutual attraction to, and preffure again ft 

each other, readily unite to form a perfe&ly round body, 

as at fig. 30. Their attraction towards- each other is fo 

confiderable, as to form a kind of flefhy fubftance, when 

brought into contact 5 and their fpecific a gravity more 

than the ferum in which they float. 

How thefe globules, and alio the more minute ones of 

which they are compofed, are occalionally feparated, in 

order to pafs through extremely minute veffels, which 

without fuch a reparation they cannot poffibly enter, 

and how they re-unke again in veffels where they have 

more room, is eaf-ly comprehended by a due confidera- 

tion of the two foregoing figures. 

The diameter of a common round globule of human 

blood, is equal to the 1940th part of an inch. 

In order to view the blood with the microfcope, upon 

the tip of an hair pencil, take a fmall drop of warm 

blood, immediately as it comes from the vein, and 

fpread it as thin as poffible upon the object-carrying 

glafs of the microfcope, and apply it between the 

objeT plate and fprings, to the firft and fecond mag¬ 

nifiers. It may alfo be extreamly well examined, if 

a little of it be taken up into a fmall, but very thin 

capillary tube, which being held in the nippers of the 

apparatus, may be readily applied to the magnifier. 

If you dilute a drop of bood with warm water, and 

apply it either of thefe ways to the magnifier, fome 

of the larger globules will be feparated from each 

other, 

Phil, Tranf, No. 361. 
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other, and feveral of them will be divided into the final- 

ler ones of which they are compofed. 

By either of thefe methods, the globules of the blood 

may be diftindily feen, and a little pradtice will difcover 

any alteration that may happen in the colour, fhape, or 

fize of them; in its feveral changes between ficknefs 

and health. Mixtures of medicinal, or poifonous liquors, 

may be blended with it immediately as it comes from the 

vein, and a drop of this mixture, if applied as before 

directed to the microfcope, will difcover what alterations 

can be produced on the contexture of the blood. The 

vefTel in which the blood is received, fhould be put into 

a bafon of water, fomewhat hotter than the blood b, to 

prevent its coagulating before the mixture. 

The circulation of the blood through its vefTels, is to 

be feen in fuch fmall creatures, whofe tranfparency per¬ 

mits us to look within them, or in the thitinefl parts of 

larger ones; by which we are very well informed, the 

whole animal fyftem being eftablifhed on the fame plan, 

the circulations carried on in vefTels of a like form, both ' 

in the mean eft and nobleft living creature, and accele¬ 

rated or retarded by the fame caufes. 

In thefe fmall creatures we are not only able to fee 

the general courfe of the blood, but can perfectly diflin- 

guifh each globule, and the alteration they fuffer in 

palling out of the larger into the more minute vefTels, 

many of them being fo fmall, that fmgle globules can 

icarce enter, till they are compreffed into an oval form j 

and yet thefe very vdTels are large, when compared with, 

the fmeft of all, in which the globules muff be divided 

B 2 and 

b The exaft blood-heat of the water, may be obtained by a 
pocket thermometer, made with quickfslver, with which the 
reader may be fupplied at my fhop, at Tycho Brahe’s Head in 
Fleet-Street, No. 60. 
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and fubdivided into their fmalleft component parts, be¬ 

fore they can find a paffage. 

Providence has been furprifingly careful in the difpofi- 

tion of the veins and arteries, for thefe laft, which convey 

the blood to the extremities of the animal, continually 

lelTen their diameters in their progreflion, and divide into 

fmalier branches. At which divifion, the globules rufli 

againft an angle, which as it were caufes them to recoil 

upon thofe immediately behind, before they can readily 

feparate into the two fmalier branches C D, of the artery 

A B, fig. 31. in which the blood flows upwards from B 

to A, towards the extremity ; and on the contrary in its 

return back from the extremities to the heart, their dia¬ 

meters increafe, and thofe fmalier veffels are continually 

uniting into larger, as in the foregoing, fig. 31. the 

branches C and D join their currents in the vein E F, 

till at lafi: all their llreams fall into one, at every fuch 

conjunction of two branches, as at E, and their ftreams 

violently rufh againft each other, by which means unna¬ 

tural cohefions are prevented. 

The microfcope affords us an ample view of the 

yeins and arteries, the latter of which is very diftinguifh- 

able by a protrufion of the blood, at each contraction of 

the heart, then a ftop, and then a new protrufion, con¬ 

tinually fucceeding each other, whilft in the veins it rolls 

on with inexpreflibie rapidity. 

The ingenious Mr. Leeuwenhoek hath told us, that 

with great admiration he faw in the utmoft extremities 

of a very fmall fifti’s tail, how the larger arteries were 

divided into the fineft veffels c, and many of the fmall 

veins, which returned from the faid extremities, met to¬ 

gether in a larger vein; that there was fuch an agita¬ 

tion of that blood, which flowed from the larger arteries, 

towards 

Arc. Nat. tom. iv. p. 107. £ 
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towards the evanefcent ones, at the extremity of the 

tail, and returned afterwards through many minute veins, 

into a larger one, as can hardly be conceived. In . the 

larger arteries he faw a continual new protrufion of the 

blood’s courfe, received from the heart; but in the fmal- 

Jer, the motion feemed equable without any fuch re¬ 

peated propulfion ; and though no colour appeared in 

the minute veflels, yet in the larger arteries and veins, 

that were near the extremity of the tail, the blood was 

plainly red. 

The exa£t magnitude this fifh appeared of to the naked 

eys, as delineated by him, is reprefented in fig. 32. Its 

tail magnified, as it appeared in the microfcope, at fig. 33. 

in which were feventeen little bones or griftles, that give 

a ftiffnefs to the tail, three of them are fhewn by the let¬ 

ters ABC, on each fide of which he faw a very open 

communication of the veins and arteries, the blood run¬ 

ning through arteries, and returning back through veins, 

which were of the fame fize, and evidently a continua¬ 

tion of the fame veffel; this was diftin&ly feen in 34 dif¬ 

ferent places, fo that in the tail of this fmall fifh could 

plainly be feen 64 blood veffels, 34 of them arteries, and 

as many veins, befides the little fpaces about D and E, 

which were not obierved. 

This will be hetter underftood by a microfcopical re- 

prefentation of part of one of thefe little griftles F H G, 

fig. 34. on each fide of which runs an artery I K and 

M N. The blood flowing rapidly from I and M, to K 

and N, their open communication with the veins K L, 

and N O, from whence it returned to L and O, fo that 

both thefe were but one continued blood veffel ; for no 

veffel can be properly called an artery beyond the pul fac¬ 

tion ; farther than which, and returning towards the 

heart, it may be called a vein; for veins, as by the pre- 

B 3 fieut 
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fent figure appears, are only arteries elongated ; and as 

they generally divide into branches that efcape the fight, 

it is very difficult to determine where the arteries end, or 

where the veins begin. If in the tail of this.fmall fifii, 

the whole bulk of which was no bigger than that of 

fig. 32. and confequently under half an inch in length, 

34 diftindt circulations of the blood could be feen, how 

incredibly numerous muft that of the circulation be in 

an human body ? nor is it to be wondered at, when we 

fee it iffiue forth at every prick of a pin or needle. In 

this confideration he alfo adds, that he is fully con¬ 

vinced in a fpace no bigger than his fore finger nail, 

a thoufand diftindl: circulations of the blood are per¬ 

formed. 

Mr. Leeuwenhoek obferved the motion of the blood 

in a fmall veffel, in the tail of a tadpole, fomewhat 

wider than to admit a red globule thereof, as A and B, 

fig. 35. which veffel is called an artery, through which 

the blood coming from the heart, in the direction A B, 
is impelled with great fwiftnefs, and divided at B into 

two branches, B C and B E, which are again united at 

D, and continue fo to F, where they are again divided 

into two other branches F G and F I running crooked 
- 

till they are again united at H, where they formed a 

fomewhat larger veffel as FI K, and became bigger at K, 

for which reafon we muft call the blood veffels ABC, 

D F G, and A B E F I, arteries d, becaufe they convey 

the blood to their greateft diftance from the heart at G 
and I, and the blood veffels G FI K, and I H K, veins, 

becaufe they return the blood to the heart again. 

* In another place he faw the blood running in an ar¬ 

tery, large enough to admit about 20 red globules ® at 

once; this was a great artery in proportion to that be- 

fore- 

f Arc. Nat. Epift. 119, € Phil, Tranf, No, 260. 
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fore-mentioned, a fmall part of which is delineated at 

L M, fig. 36. out of which proceeded a leffer, as M O. 

The blood in the veffel from L to M, had not fo 

quick a motion as it had in others, becaufe the blood 

in the veffel at R, did in a manner ftagnate, info- 

much, that no feparated parts could be diftin&Iy feen, 

k appearing there of one uniform red colour ; yet in 

the veffel M O, the circulation was as fwift as in 

any other veffel. That the blue fpots, occalioned by a 

fall or bruife, is not ftagnatfid blood, which perfpires be¬ 

fore it begins to corrupt through the fkin with the fweat, 

Mr. Leeuwenhoek was convinced of by the following 

obfervation. The blood at R being thus without the leak 

motion, it was by every pulfation of the heart impelled 

upward, from N to P, and the next moment recoiled 

back again, and this alternately with an undulatory mo¬ 

tion ; as is known if never fo much violence be ufed in 

prefling water, yet it cannot be preffed clofer than it was 

before; fo the blood being now impelled forwards thro’ 

the heart, cannot be compreffed into a lefs fpace; this 

being fo, we muff conclude, that the tunic of the blood 

veffels between N and P, and alfo fomewhat below N, 

is diftended at every pulfation of the heart; and as foqn 

as this uncommon diffention is performed, fo foon alfo 

does the tunic of the veffel contract itfelf again; where¬ 

by the blood, that was thus puflied forwards, is forced to 

run back again. After a fhort fpace of time he faw the 

blood begin to move from P to R, in fuch a manner as 

to be pulhed back again, and that during his obfervation, 

the blood veffel M O, was a little more extended ; con- 

fequently more blood ran through it than when he firft 

began to look upon it; the blood in the veffel N S, 

wherein was little or no motion before, now ran as fwift 

as in any other veffel : the veffel P Q^was fo fmall, that 

B 4. only 
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only one Angle globule could pafs through, it at once, 

wherein not the leaft motion, at his firft obferving it, 

could be difcovered, now began to flow; yet the par¬ 

ticles of blood, which at firft pafled through it, were 

but few in number, and confequently far afunder; hence¬ 

forward all the blood from P to R was put into motion, 

as well by being pufhed forward, as by recoiling back 

again, and that at every pulfation of the heart. Mr. 

Leeuwenhoek fpent about two minutes in thefe obferva- 

tions; from whence it plainly appears, that the ftagnant 

blood cannot only be made to move again by the motion 

of the heart, which we call the beating of the pulfe, but 

alfo that the coagulated red globules are again diflolved, 

and afliime their firft figure ; from which we may reafon- 

ably conclude, that the coagulated blood in any animal, 

occafioned by a blow or bruife, can in a few days be 

made to move again; it being taken for granted, that 

the heart of a man pufhes out the blood feventy-five times 

in one minute, which is 4500 in one hour, and 108000 

times in the fpace of a day and night; and finding that 

in 10 days time the coagulated blood feemed to vanijfh, 

and alfo confidering that in this time the heart performs 

1080000 pulfations, and that in each motion, into feveral 

vefiels together, there has been loofened and fet a-going 

the quantity of a grain of fand, how much more will be 

puflied forward in the fame time ? Mr. Leeuwenhoek 

could fee the blood received from the heart at each im- 

pulfe, in the vefiel above-mentioned. If we fuppofe that 

the quantity of a cubic inch of coagulated blood, oc¬ 

cafioned by a blow, is too much, and that feldom fo 

much is coagulated at once, we may eafily conceive, 

that fuch coagulated blood, by means of fo many pro- 

trufions as above-mentioned, may be loofened, and its mo¬ 

tion again reftored, if not in all, yet in moft of the vefiels. 

At 
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At another time Mr. Leeuwenhoek laid one of thefe 

tadpoles upon a piece of white paper, a little while be¬ 

fore he came to look upon it. A fmall part of the tail 

was wounded by the fkin flicking to the paper; fo that 

out of an artery in the excoriated part, fo large that 

about four red globules of the blood might pafs through 

it at once, there flowed fome blood that remained without 

motion about the wounded part, yet that whereon his 

eye was fixed, not being half a hair’s breadth from the 

excoriated artery, there proceeded a branch of a vein, 

wherein the circulation of the blood did ftill remain, as 

if the artery had not been broken, fig. 37. TV, exhi¬ 

bits the artery wounded a little above V. V X fhews 

the extravafated blood. V W, the fmall artery wherein 

the blood retain’d its full courfe, although it was fo near 

the artery T V, out of which the blood flowed ; which 

at firft feemed very flrange, but obferving that the blood- 

veflel V W was united at W to a large blood-veflel, 

that conveyed the blood to the heart, the blood out of 

V W was continued as fwift as if it had been impelled 

from T to V, in fuch a manner that Mr. Leeuwen¬ 

hoek imagined, the vein at V had not been united with 

T, but had lain with its aperture at V, in the extra¬ 

vafated blood ; fo that the extravafated blr'd was onlv 
* J 

for a little fucked up and conveyed through it. He 

then faw a vein wherein the motion of the blood feemed 

very uncommon, as at fig. 38. whereof a b reprefents 

an artery, whereby the blood is impelled with great ve¬ 

locity from a to b, then b c, whereby the blood is con¬ 

veyed towards the heart, muft be called a vein, clofe by 

which lies another artery dee, wherein the blood is 

conveyed from the heart from d to c; now if the vein 

b c be united with the artery d e, as is feen at c, and 

the blood be thus conveyed from c to e, be fiiould be 

called 
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called a vein, and the blood coming to c, being there 

transfufed into c e, is the arterial blood, becaufe it is 

conveyed thither from the heart, it being certain that 

d c e is an artery. 

Amongft others, Mr. Leeuwenhoek had a tadpole, 

wherein he could perceive no motion at ail of the blood, 

how attentively foever he view’d it; at firfl: there ap¬ 

pear’d no reafon for it, till upon examining this animal 

with his naked eye, he cbferved the fore part of his body 

was contracted, by which he imagin’d the heart was fo 

oppreiled, that it could not force out the blood, and 

receive it back again. Whiift he was thus contemplat¬ 

ing, the animal made a very ftrong motion; beating 

its tail about, and bending its body, by which it got 

dear of the oppreflion it was under ; and on viewing it 

again, perceived the blood to have a flow motion, and 

impulfe in feveral vefiels, which increafed till it at length 

came to its proper motion, yet not with fuch velocity as 

it would have had, if the heart or body had not been op- 

preffed. Mr, Leeuwenhoek fays, that the motion of 

the blood in thefe tadpoles, exceeds what he ever faw 

in any other animal. Fig. 39. exhibits a tadpole arri¬ 

ved to fuch a bignefs, as to ufe its hinder legs, and the 

fore legs were alfo difcernable, but yet covered with the 

fkin. 

Mr. Leeuwenhoek obferved the circulation of the 

blood in feveral butts, one of which, bating the tail, 

was but an inch in length ; the greatefl: motion of the 

blood obfervable through the fins, was on each fide the 

various little Angle bones placed therein, where the 

blood-veflels were fo large, that 25 of thofe particles 

which conftitute the blood of a red colour, could pafs in 

breadth, but difappear’d as they drew nigh the extre¬ 

mity of the fins, fmall vefiels being all along difpers’d 

from 



—
a

 s
 r.
 

r
r
r
a

 a
za

-o
if

l-
A

^
-o

-&
-o
&

 o
 

°<
>
 o

 ^
 ^

 A
 

✓ 





Of the Circulation of the Blood. 11 

from the arteries; on one fide of a little bone, runs an 

artery, and on the other a vein, correfponding thereto ; 

and finding it eafy to extend the tail, he accordingly 

ftretched it in breadth, equal to what the fifh gives in 

fwimming, that he might the better obferve the motion 

of the blood in thefe extended veffels, and found when 

the fifh did not move, feme of thofe fmall veffels, which 

before received three particles in breaft, being now 

ftretched out with the tail-fin, which they run a-crofs, 

did not only admit no more than one particle, but like- 

wife thefe particles did not move fo faff, as when the 

veffels were not extended ; and in fome places were at 

fuch a diffance, that one or two more might lie in the 

intervals, but could not from all this determine, that 

the particles were perfectly ovalf. 

But to trace the matter further, he took the blood 

running from a live falmon, g when cut into pieces, and 

put it into a glafs tube, no larger than a fmall quill, 

which in a fhort time congealed; but when it became 

partly fluid again, he put it into a fmalter glafs tube, 

and having placed it before his eye in the microfagpe, 

the particles being in motion, fome of them appeared of 

a flat oval figure, and others, which fhewed themfelves 

fide ways to the eye, feernd a little thick, and thofe 

whofe fides did not diredtly face the eye, feem’d a little 

broader, without the leaf!: appearance of any globular 

form. Mr. Leeuwenhoek alfo put fome of the fame 

blood upon a very clean glafs, and where the particles lay 

thin, he perceived them oval ; nay in feveral ovals he 

difeovered globules, and in fome few fix globules. 

Fig. 40. A B C D reprefent the oval particles of the 

blood of a falmon, that weighed 30 pounds ; A B, th« 

particles that appear’d flat and broad, but did not di¬ 

rectly 

[ Ate. Nat. Epift, 128, s Phil. Tranf. 263. 
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redtly face the eye ; thofe about c were {freight before 

the eye, and for the moft part a little clear fort of light 

in the middle, larger in fome than others. 

Mr. Leeuwenhoek, likewife, placed fome of the blood 

of a very finall butt before the microfcope, which was 

not mixed with any liquor, only the particles lay in their 

ierum, and are reprefented by fig. 41. 

Thofe particles of the blood, which are diftinguifhed 

by fhining fpots in the middle, are delineated fig. 42, 

Mr. Leeuwenhoek profocuted this enquiry yet farther, 

with a greater magnifier than he had hitherto ufed, and 

fo he plainly made out the oval particles; now the 

greater the magnifying power of the glafs, the fwifter 

does the circulation of the blood appear and having re¬ 

tarded this motion, he employed two or three feconds of 

time, in obferving the little veins, and found, that in fe- 

veral fmali veffels, the oval particles were fo broke, that 

he could neither fee them, nor thofe, of wThich fix confti- 

tuted a particle of blood, but only a fimple fluid of a 

faint colour, running along the veffels ; but in a great 

artery at the tail, the blood mov’d fo flowly, that he 

could eafily difcern the particles were oval; and not only 

fo, but he likewife perceived more clearly than before, 

the globules that conftituted the oval parts, if not al¬ 

ways, yet at leaft for the moft part, as reprefented in 

%• 43- 

How veinous blood may become arterious without 

being firft in the heart, appears by the following experi¬ 

ment. Suppofe A B, in fig. 44, to be a vein, in which 

the blood view’d through the microfcope, paftes with 

great celerity from B to A; from this vein proceeds 

two finall branches, C and D, which unite between E 

and F. Again fuppofe HI to be an artery, in which 

the blood moves upwards with equal fwiftnefs from H 

to 
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to I, out of H I arifcs a veinous fpring, delineated in K 

F L,; the blood moving from K to F, joins the other at 

F; and by this means, part of the blood coming from 

the artery, is thrown into the vein, as paffing from F 

to G, and to the belt of Mr. Leeuwenhoek’s obfervation, 

a quantity of blood, juft equal to that carried from K 

F to G, moves from C E to F, and directs its courfe 

upwards from F to L, fo that whatever quantity of an- 

terious blood paftes through K F and F G, an equal 

quantity of veinous blood returns through C E and F L. 

Though the agreeable motion of the blood was formerly 

apparent, yet this experiment afforded him a very clear 

perception of the above-mention’d variety ; and befides, 

this union of the blood-veffels was not formerly dii— 

cbver’d. 

Mr. Leeuwenhoek, in his 112th epift. has given us 

an accurate delineation of the blood-veffels in part of the 

tail of an eel, whofe whole length did not exceed that of 

the length of his little finger. The figure, as by him 

delineated, is reprefented in fig. 45. whereof ACE 

reprefents the veins, and B D F arteries. 

The letter D reprefents an artery, from which a 

branch G proceeds, that is divided about H, into two 

leffer branches, one of them reprefented by the letters 

H I K ; fo much of this fmall veffel as reaches to I, is 

called an artery, becaufe the blood may to that place be 

propelled in its progreffion from the heart. The other 

part I K of the fame branch may be called a vein, be¬ 

caufe by it the blood is convey’d hack again to the heart. 

In the other part of the fame branch H L M, the blood 

is drove forwards till it arrives at M, where it is dif- 

charged into the vein E, which in this figure is the firft 

place that can take the name of a vein. 

Here 



14 Of the Circulation of the Blood, 

Here alfo it may be obferved, that as the arteries are 

extended in length, they gradually leffen. And on the 

contrary, the veins increafe in their diameters as they 

approach the heart. 

Furthermore, from this fame artery D, another veflel 

may be feen branching out from N, from whence the 

blood flows to O, and there difcharges itfelf into the 

vein E. 

Raife your eye a little higher to P, where another 

fmall artery advances from the great one D, towards 

where it ciofes again with the vein E. 

Alfo obferve that about the letter R, another fmall 

velfel leads from the fame artery towards S, at which 

place the blood that flows both from the artery D and 

B, is joined, and from thence pour’d into the vein C. 

Somewhat higher, about T, advances a little blood- 

veffel, which is divided into two branches at V, fo that 

from thence two diftinct veileis may be feen ho difeharge 

themfelves into the vein E, at X and h. 

About the letter Y proceeds from the fame ar¬ 

tery D, another fmall veflel, which at Z branches out 

in two more minute veflels 3 the blood flowing through 

them towards a and b, where it is difeharged into the 

vein C. 

Not far from Y, about c, proceeds a fmall branch 

from the artery D, through which the blood alfo returns 

into the vein C, with which it joins at d. 

From the fame artery D rifes a minute branch e, f, 

which is feparated into two lefler branches at f, fending 

back the blood to the vein E, at g and h. 

If the fame artery be examined a little higher, another 

branch I k 3, will be feen iflfuing from I, which is alfo 

divided at 1 into two others, that likewife difeharge them¬ 

felves into the vein E3 at m and n, near 13 at o, are alfo 

two 
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two other branches, which vent their ftreams at p and 

q, into the vein C. 

Moreover from the fame artery D, about r, proceeds 

forward a fmall one r f, which is divided into finer 

branches, one of which r f t, joins the vem C, the other 

f, u, w, x, joins the vein E at x. 

The moft evanefcent artery, flowing from the large 

one D, which is reprefented by the letters r y z, unites 

with the vein E at A; the fame minute artery, near 

the letter u, is again divided into two branches, the part 

u b is dif^rged into the vein C, at t. 

An eel 'of this fize may be conveniently placed be¬ 

fore the magnifiers in the microfcope, either in the fifh 

pan, or in a fmall glafs tube filled with water, and put 

between the object-plate and firings, after wiping off 

its flime, which would obfcure the glafs, flop both its ends 

to prevent the water from running out; the tail may then 

be viewed, and the circulation will appear in an agreeable 

and pleafant manner, as in the foregoing- figure is de- 

fcribed. 

The tails of any fort of fmall fifh, may be alfo readily 

applied to the magnifiers in the fame manner. Under 

the fpring of the fifh-pan, or tied on a flat glafs, 

flounders, eels, and gudgeons live a long time out of 

water, and are to be had at almoft any time in London 

alive. 

Alfo the tail h of a water newt, or a lizard, if applied 

to the microfcope in a glafs tube, reprefents an agreeable 

profpect of the circulation, through variety of fmall vef- 

fels, particularly in an exceeding fmall one of the water- 

kind, which may fometimes be procured fhorter than an 

inch, and fo traitfparent, that the blood may be feen 

running in all directions, not only through the tail, but 

p.rrticu- 
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particularly in every Tingle toe, and through its fins or 

pointed branches. The blood may be feen running 

through an artery towards the extremity, and returning 

through a vein, with which its communication is very 

apparent, and furprifingly delightful. 

Mr. Leeuwenhoek informs us, that he has obferved 

the circulation of the blood, in the farther!; joints of little 

crabs1 hinder legs, with greater rapidity than in any 

other creature, and that their red globules were twenty- 

five times fewer than in any other land or water animal 

he had before examined. 

Exceeding fmall crabs may be found under brickbats 

and ftones, on the Ihores of the river Thames, when the 

tide is out. 

The circulation of the blood may be feen in the legs 

and tails of fhrimps, if view’d in water, wherein you 

have mixed a little fait; but in thefe the blood is not red. 

I have frequently feen a fluid flowing through the 

filmy wings of grafshoppers, of a greenifh colour. 

The motion of the blood is alfo to be feen in the tran- 

fparent legs and feet of fmall fpiders, and in the legs of 

very fmall buggs, and an extraordinary vibration of the 

reflels not difcernable in other creatures. 

You may often obferve in viewing feveral of thofcv 

objects, the globules cannot pafs through the fmaller 

vefiels, otherwife than Angle, and then fqueezed into an 

oval form 

If a little frog’s fpawn, in the fpring time, be kept a 
few days in fome of the ditch-water, in which it is found, 

you’ll have a great number of exceeding fmall tadpoles, 

which at their firfl: beginning to fwim, are nearly tran- 

fparent; place them before the microfcope in a fmall 

tube, with a little water, or in a cylindrical glafs, and 

you 

1 Arc. Nat. Tom. iv. Ep. 84, and 86. 
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you may behold the circulation of the blood in every 

part of the fubjedf, and in a more particular manner in. 

the tail, near k fifty vefiels prefenting themfelves at once 

to view; and alfo the pulfation of the heart; but they 

grow fo opake in a day or two, that the circulation can 

then be only feen in the fins, and at the joining on of 

the head, and in the tail. 

The circulation of the blood affords an entertaining 

fight in the thin membrane between the toes of the hind 

foot of frogs, if well expanded; and placed before the 

magnifier, the arteries and veins will be diftindtly feen. 

The blood may be retained in the lungs of frogs and 

lizards, as follows ; on making an incifion into the bodies 

of thefe animals, their lungs will ftart out, and be diftended 

with infpired air; on thefe, as quick as you can, pafs a 

waxed thread, and tie it firmly towards the upper part of 

the lobe, as near the heart as poflible ; when the lungs 

are dried, after being thus diftended, they may be placed 

in parts, between the talcs of an ivory Aider, and by 

this means you may always keep by you objedfs of the 

lungs of thofe animals, only remember to place their ex¬ 

ternal fmooth furface towards the magnifier. Thefe 

feveral parts of the lungs are very entertaining objedts 

in the microfcope. 

But the circulation of the blood is no where feen with 

fij much fatisfadlion as in the mefentery of a frog. For 

which I have contrived an eafy method to hold the animal 

during the operation, as will be feen in what follows. 

k Arc. Nat. Epift. 112. 
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The description of a new apparatus for con¬ 

fining frogs, mice, bats, or' any other crea¬ 

tures of the like fize, particularly adapted 

to the variable and improved foiar micro- 

Scopes. 

THIS apparatus conflfb of a fquare frame of brafs 

A) B, C, D, fig 46. which may be taken to pieces 

at pleafure. It is held together at the corners, by the 

four pillars F, F, F, F, which alfo fupport the frame. 

At the lower end of the two pillars which fupport the 

corners C and D of the frame, is fixed a fteel bar G H, 

having one of its ends made fall to one of the pillars at 

G, and the other end fcrewed to the oppofite pillar by 

the nut H: on this, fquare bar is fitted a Aiding focket 

I K, to which are fixed the ftems for placing k to the- 

microfcope. 

When a frog is to be diftedted, tie a firing to each of 

Its four legs j firft having firained firings thro’ fome of the 

principal holes of the frame, eroding each other, as in 

the figure is reprefented by the fmall letters a b, c d, e f, 

g h, i k, 1 m, which form a kind of lattice, or couch, 

whereon to extend the frog. Then firft put the two 

firings which are tied about his arms, through two holes, 

the neareft to the corners A, C, and there fix them wjth 

two pegs made of fur, as at n and o, in the figure. The 

reafon why I diredt his two fore legs or arms to be fa¬ 

ttened firft is, becaufe you may with eafe hold his hind 

legs in your hand, till the fore legs are pegged down 

faft; whereas if you attempt to fix the hind legs firft, 

the creature will give fuch fprings and ftarts, as will not 

only tire himfelf, and thereby prevent him from being 

able 
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able to go through the operation, but even make it almoft 

impoffible for you to fix him to your mind. Then fix 

his hind legs as before directed by the pegs p, q. If now 

you find him not quite faft, you may make him fo, by 

pulling out one of the pegs at a time, and {training the 

firing a little tighter, after which replace the peg. The 

ends of the firings which confine his arms and legs, are 

reprefented in the figure by the letters r, f, t, v, and the 

frog lying upon his back. 

The objedl being thus extended, and fafiened on the 

frame, as above directed, open the fkin of the belly, 

from near the anus to the throat, in the direction of the 

dotted line I K, by firft juft entering the point of a very 

fharp penknife at I, through the firft fkin only, taking 

care not to touch the fecond fkin, and let the incifion 

be no longer than the little ftreight ftroke I w, in which 

thruft the probe or diredtor, %• 47. almoft up to his 

throat, with the curf x y upwards, in which curf you 

may run the point of a pair of fciffars, without being in 

any danger of cutting any other part of the fubject, and 

thereby open the upper fkin from I to K, then turn the 

diredtor Tideways from K to L, and from I to M, and 

give it a little lhip in that direction, both at the top and 

bottom. Stick a fifh-hook, with the barbs filed off, into 

each corner of the fkin, firft having put the firings N O, 

to which the hooks are tied, through any two of the 

holes in the frame, as at P and Q. Then by gently 

pulling the firings N O,. the fkin will readily ftretch out 

into the direction of a fquare flap, as reprefented in the 

figure by the letters L M R S, and the three dotted lines' 

which furround them. 

If now you fix the frame to the microfcope, you may 

place any part of this flap before the magnifier, either 

by flipping the fquare fteel bar G H backwards and 

C 2 forwards 
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forwards In its Aiding focket I K, or elfe by pulling the 

fald focket farther from, or pufliing it nearer to, the 

pillar of the microfcope, by which means, you may 

with the greateft eafe imaginable, examine all the bldod- 

veflels in this tranfparent flap or piece of {kin, by fitting 

at a table before a window, and dire&ing the illuminat¬ 

ing glafs, fo as to fling the rays of light immediately 

under this part of the {kin. 

If the fun fhines, and you have the folar apparatus 

before deferibed, ferewed ready in the window fhutter, 

apply the microfcope and frog to the folar part as before 

{hewn, and after having dire&ed the fun’s rays through the 

tube, upon any part of the fkinny flap L R S M, and placed 

the fereen at about four or five foot from the machine, 

fo as to receive the fun’s rays, and adjufted the objedl 

to the focus of the magnifier, and diftance of the fereen, 

you will have reprefented on the fereen, a moft beauti¬ 

ful pidfure of the veins and arteries in the {kin, with the 

blood circulating through them; in the arteries you may 

plainly perceive the blood flopping, and as it were re¬ 

ceding a little at each dilatation of the heart, and then 

immediately rufhing forwards again at each contraction; 

whilft in the veins it rolls on in a continual current, with 

inexpreffible rapidity; and when the arteries are very 

much magnified, if you remove the fereen to a confider- 

able diftance, the alternate expanfion and contraction of 

their fides are very vifi^le. 

When you have confidered this as long as you think 

needful, open the abdomen, and extend the mufcles be¬ 

fore the microfcope, by means of the two fi{h-hooks, as 

before in the extenfion of the {kin, and you will with 

pleafure view their ftru&ure, which confifts of num¬ 

bers of tranfparent firings or fibres, lying parallel 

tp 
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to one another, and joined together by a common 

membrane. 

Thefe firings or fibres appear through their whole 

length, to be made up of minute roundiih veficles ; and 

the blood veflels which intermix with them, afford an 

agreeable profpedt. 

The next experiment is gently to draw out a part of 

the frog’s gut, in order to apply the mefentery to the 

tnicrofcope, which is a moft beautiful and furprifing 

phenomena, when viewed through the microfcope, as 

Handing upon a table : but when applied to the folar 

apparatus before defcribed, you may view it in fo diftindt 

and fine a manner, that no words can defcribe the won¬ 

derful fcene which will then be prefented to your fight. 

The blood flowing through numberlefs veflels at one and 

the fame inftant, in fome one way, in others the quite 

contrary ; feveral of the veflels may be magnified an inch 

in diameter, and the blood globules rolling thro5 them, 

will appear near as large as pepper-corns, and at the 

fame time in the minuteft veflels only Angle globules can 

find a paflage, and that not without putting on the form 

of oblong fpheriods ; here alfo in the moft inexpreflible 

manner, will be feen the pulfation and acceleration of 

the blood in the arteries, as before defcribed. 

As the animal grows languid, and near expiring, the 

blood in the arteries will be feen to flop fuddenly, and 

as it were feem to coagulate, and then run backwards 

for fome time; after which it will again recover its na¬ 

tural courfe, with a great deal of rapidity. 

A due confideration of thefe appearances, may poflibly 

account for the intermifiions, ftarts, and irregularities ia 

the pulfc of perfons near the point of death. 

C 3 Tig, 
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. Fig. 48. M, L, R, S, reprefents a microfcopic pi&ure 

of a part of the frog’s gut, and mefentery extended, by 

means of the fifti hooks R, S, M, the ends of their firings 

being pegged to the fquare frame, one of which is feen 

at p. B, I, K, C, is a part of the body of the frog. 

And I, K, that part where the belly was opened. D, E, 

part of the fquare brafs frame. The {haded part within 

the gut, marked M, L, R, S, is called the mefentery, in 

which is plainly feen the blood-veffels. Thofe vefiels, 

which are a little darker than the reft, are called arteries. 

In every one of which I plainly faw a pulfe, and the blood 

{lowing from A to R. The others are veins, through 

which the blood flowed in a conftant ftream, in the 

diredHon V, N. 

As there are many fmall filh, whofe fins are more 

tranfparent than their tails j I thought it might be ac¬ 

ceptable in this place, to give a cut of the manner how 

they may be fattened upon the fame frame the frog was, 

which take as follows. 

Firft cut a piece of leather in the fhape of fig. 49. and 

tie a firing to each corner of it, as at A, B, C, D, and 

obferve, that the part G H of the leather be no longer 

than from the fiih’s neck to the part where the tail begms 

to grow fmall, and cut a flit'.from A to I, and from B to 

K,- then put the firing C E through the flit A I, and the 

firing D F through the flit B K, and put the fifil in head 

foremoft; after which draw the firings clofe, and apply 

it to the frame, fig. 50. fixing down the firing D F to 

the frame by the peg N, and the firing B M by the peg 

O. The firing C E may be made fall with the peg P, 

and the firing A L with the peg Q, in which pofition 

the fifil cannot poflibly get away, but on the contrary 

will lie exceeding quiet: then may you ftick a fifli-hook 

to the thick part of its fin at R, and ftretch it out by 

drawing 
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drawing the firing R S gently, and then making it faft 

■by the peg T. 
After which place the frame to the microfcope, as 

above directed 5 and you will have a beautiful profpedt 

of the circulation, if viewed through the microfcope 

upon a table; but much more fo if you apply it to the 

folar apparatus. 

I hope by this time the reader will be enabled to fix 

any other fubjedt of the like fize to the apparatus, in 

order for difle&ion, and alfo be ready at applying them 

to the microfcope, either to be looked at by the eye 

through the magnifiers, or caft upon .a fcreen when ap¬ 

plied to the folar apparatus. The reader will alfo per¬ 

ceive that none of the modern microfcopes are fo capable 

of having all forts of fubje&s applied .to them, as thefe 

are in an apparatus, fo eafy in its ufe, as to give gen¬ 

tlemen as little trouble as poflible in the application of 

all forts of objects. 

Of Bones. - 

THEIR fuperficial part is found to confift of a 

vaft many fmall veftels, and fome few of a larger 

fize; which laft, when they came to the furface of the 

bone, appeared to Mr. Leeuwenhoek either with a 

membrane, or bony fubftance, perfectly tranfparent: he 

once difcovered four or five vefiels in a fmall piece of a 

fhin bone of a fufiicient fize for a fingle filament of filk 

to pafs through them, and one of them feemed to him 

to have a valve 1 fo difpofed as to admit nothing into it, 

but only to let out what was therein contained. 

The fpongy or cellular fubftance on the infide of the 

bone confifts of long particles clofely united, that are 

C 4 made 
* 

► . i Phil. Tranf. No. 366. 



24 Of Bones. 

made up of a vaft many fmall veflels, fome running 

lengthways, others tending towards the Tides of the bony 

particles, fome lying parallel, and others perpendicular 

to the length of the bone ; thefe laft have veflels pro¬ 

ceeding from their extremities; and others that compofe 

the cortex, or fuperficial part of the bone, proceed from 

their Tides; thofe long particles, which lie parallel to the 

length of the bone, emit veflels from their Tides, that 

iflue out through the fide of the bone. It is impofiible 

to conceive what a prodigious number of fmall veflels 

compofe the cortical part of the bone, which on the 

fpongy part in fome places is no thicker than a human 

hair; though, in others, three or four times that thicknefs. 

The periofteum is united to the cortex of the bone, 

not only to the outfide of the cortex, but even by en¬ 

tering into its very fubftance in feveral places, and is 

joined thereto by the veflels which proceed from the bone. 

Fig. 51. reprefents a fmall part of the bone with the 

perioflreum adhering to it; ABCDEF ftiews the bony 

part, BGHIE the periofteum, in which all the fmall 

veflels are reprefented by dots. In other places where 

the thicknefs was twice as much, not only thofe veflels 

that had been tranfverfly cut, and confequently reprefented 

by many points; but alfo many other veflels running 

lengthways, as in fig. 52. LOP Q_N M and that part 

reprefented by B G H I E, fig. 51. are not entirely mem¬ 

braneous, but really bony. KLMNA reprefent the 

bony part, in which though no pores or veflels are here 

reprefented, yet it is full of openings. Fig. 53./R S W 

XTV reprefents a part of another bone, S WXT the 

periofteum, which in this place was no thicker than a 

large hair of a man’s beard; but in another part of the 

fame, and at a fmall diftance, it was four times that 

thicknefs* In another piece of bone To placed before the 

microfcope 
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microfcope as to (hew only the periofteum and mufcular 

fibres, which were cut tranfverfly, and appeared to be 

Surrounded by fibrils of the periofteum, as in fig. 54. where 

Y Z A B is the periofteum, and Z C D A are the flefhy 

fibres cut tranfverfly; this was part of a rib taken from 

a fat ox. 

It appears therefore from Mr. Leeuwenhoek’s obser¬ 

vation on bones of all kinds, that they do confift of ex¬ 

ceeding fmall veflels, arifing from the inner hollow or 

Spongy part of the bone, and paffing through the Super¬ 

ficial or cortical fubftance, enter the periofteum; and 

from thence are continued farther into the body, even 

to the remote parts thereof. Hence it is, that in a 

healthful body there is a conftant fupply of an oily fub¬ 

ftance conveyed into the bones; which again is con- 

ftantly carried out from the bones by means of thefe vef- 

fels into all parts of the body, even to the extremity of 

the fingers. He examined a very fmall piece of the Solid 

part of the (hin-bone of an ox, and found it to confift of 

four forts of tubes, perforated lengthways. The firft 

fort fo fmall and fo clofely united, as fcarce to be dif- 

cernable in a tranfverfe feaion of it. The Second fort 

of tubes (Some of which are four, fome fix times larger 

than the firft) are alfo difficult to be discover’d -s becaufe 

in cutting or /having the bone, although the knife wae 

(harp, it deftroyed and broke many of the tubular parts, 

which fhut up their apertures. The third fort greatly 

exceed thofe of the fecond, but were alfo difficult to be 

difeerned, becaufe the knife tore fome of them in cut¬ 

ting ; yet notwithftanding he was perfuaded, that bones 

are compofed out of fucceffive additions of rings of 

tubes, in the fame manner as wood is. The fourth 

fort are much larger than thefe, and fewer, as will ap¬ 

pear in fig. 62. whereof M reprefents a very Small piece 

@f 
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of a fhin-bone, which when viewed by the naked eye, 

appeared no bigger than the fpot, fig. M. 

A B C D is the fame piece of bone magnified, E 

F G is the point of a very fmall needle, upon which 

this little piece of bone m was ftuck for examination be¬ 

fore the microfoope, he was not able to reprelent the 

firft fort of thefe little tubes in the picture, becaufe 

their furface was fo mangled in cutting; but the fecond 

fort is reprefented by the letters HHH, the third fort 

by the letters III, which are feldom circular, but o 

different ftiapes, like the great veifels in wood. The 

fourth fort are a great deal larger, as fhewn by the let¬ 

ters K K. The curved lines L and M are little clefts 

or cracks made by the knife in cutting. 

To examine the bones, (have off with a very .{harp 

razor thin pieces of them crofsways, lengthways, and 

obliquely, and that from the infide, outfide, and middle 

of the bone: then apply to the microfcope fome of 

thefe fliavings dry, and others moiftened with warm 

water, by which means you may view the veficles in 

all directions. Or put the bones in a clear fine till 

they are red hot; then carefully taking them out, you 

will find the bony cells perfect and entire, and being 

quite empty, may be view’d with great eafe and pleafure. 

They may be applied to the microfcope either upon 

hollow glafs, or ftuck upon the point of a very fmall 

needle, which needle may be held between the nippers 

of the apparatus, and thereby examined with eafe, and 

little bits thereof may be preferred between the talcs in 

an ivory Inder. 

m Arc. Nat. Tom i, p. 2ooi 
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Of the.mufcular or flefhy fibres of animals. 

MR. Leeuwenhoek hath difcovered each mufcu- 

lar fibre to be made up of fmaller fibrils, which, 

notwithstanding their fmallnefs, he plainly difcern’d to 

be vafcular, for on cutting a-crofs their length, the 

light might be feen through their apertures; but if he 

■cut them ever fo little obliquely, could fee no light. 

He alfo obferved the ftrudfure of the fibres in the flefh 

of an ox, and of a whale, but plainer in that of a 

whale j the fibres of the other being more compact and 

clofe; and found alfo that the fibres of a moufe were 

of the fame fize as n thofe of an ox; from whence he 

concludes, the different fize of animals is entirely ow¬ 

ing to the number and length of their fibres. Thefe 

flefhy fibres appear throughout their whole length, to 

be encompaffed as it were with fpiral circumvolutions 

as is exadfly reprefented in fig. 6q. 
Which difpofition feems to be wonderfully contrived 

for readinefs in the diftenfion and contra&ion of the 

fibres. Two of thofe flefhy fibres are reprefented by 

G H, and I K, fig. 68. 

To view the mufcular fibres with the microfcope, 

cut off a piece of dried flefh or fifli, as thin as poffible, 

and lay it upon a glafs flip, and moiflen it with warm 

water, which drying foon away, will leave the velfels 

open and diftinguifhable. As the learned differ in 

their opinions with refpeft to' the figure and ftru&ure 

of thefe little veficles, I fhall leave it to the curious 

for farther examination. 

Mr. Leeuwenhoek informs us, that the flefhy fibres 

in infers are no lefs vifible than thofe of larger crea¬ 

tures, 
11 Arc. Nat. Tom. iii. p, ic8. 
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tures, which he found by cutting off the legs of flies, 

gnats, ants, &c. in all which he could plainly dif- 

tinguifh the circular wrinkles or circumvolutions en- 

compafiing the fibres, as in fig. 69. 

Upon cutting the flefhy fibres of a whale, length- 

wife, and a-crofs, 0 he plainly difcovered each particle, 

or fleffiy fibre, to be enveloped in a fine thin membrane. 

It appear’d in the microfcope, as reprefented fig. 55. 

in which the parts lay fo clofe together, that their en~ 

compafling membranes, reprefented by the black lines, 

were but juft difcernable; fome however appear’d larger 

than others, and thefe, p if attentively view’d, feem’d 

to be divided into a great many others, fome alfo cut 

tranfverfly, and crowded fo clofe together, that their 

figure, as well as fize, was very different. Fig. 56. 

reprefents a thin fiice of the flefh of a whale, which 

after having been made thoroughly wet, and applied ' 

to the microfcope, appear’d as in the figure. Upon 

letting the moifture evaporate from thefe flices, the 

particles became much fmaller, and the membranes, 

with which each was encompaffed, were very vifible. 

Fig. 57. reprefents a piece of the fame flelh, wherein 

the particles feem’d to touch, but on their being dried, 

fhrunk up, from the furrounding membranes, whereas 

the membranes themfelves could not {hrink, becaufe 

they were all join’d together. All along thefe flefhy 

fibres q run membranes about the thicknefs of an hair, 

and diftance of a grain of fand; from thefe larger 

membranes, other parts were fpread, dividing each fibre 

into a great many fibrils j from whence we may fay, 

that each fiefny fibre, no bigger than an hair, is a fmall 

rnufcle encompaffed with its peculiar coat or membrane, 

fig. 58. reprefents a final 1 piece of thefe fibres greatly 

magnified* 

* Epift. Phyf. p. 3. p Ibid. p. 4. * Phil. Tranfi No. 39. 
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magnified. On moiftening again the fibres reprefented 

bv the two laft figures (that were dried and fhrivell’d 

up) they became fo diftended, as to fill up the fpaces 

between the membranes, and re-afiume the fhape they 

had before they were dried. Among feveral little pieces 

of flefti, moiften’d as above, and placed before the 

microfcope, there was one, whofe particles were not fe- 

parated upon drying; fuppos’d to be owing to the 

fplitting and tearing afunder of a large membrane, 

which run through its middle, as reprefented in fig. 59. 

by QJR. ST V W, where between S T and V the 

dried particles remain unfeparated, S W fhews the thick 

membrane that divided this piece about the thicknefs 

of an hair, that fent out a branch at T, and at W 

was fplit into two. Fig. 60. reprefents a very fmall 

piece, confifting only of five fibres cut lengthwife, as 

they appear’d through the microfcope; between C and 

F may be feen the little membranes which encompafs 

the fibrils, but are here torn afunder. Fig. 6i» exhibits 

four fmall fibrils of a piece of flefh of another whale, 

by which it plainly appears, that the diameters of thefe 

fibres are as fmall again as thofe in the foregoing fi¬ 

gure, therefore they muft be four times as big as thefe ; 

as each flefhy fibre is compofed of a great many fmaller 

fibrils, we may imagine each of thefe inclofed ones, 

to confift alfo of others of the like nature. 

Mr. Leeuwenhoek, on viewing feveral fmall fibres 

of ox flefh, obferved each of its contained fibrils to 

be encompafied with a thin membrane; but could not 

fhew thefe membranes fo diftinctly to others in this 

flefh, as in that of a whale; becaufe the parts of the 

firft are of a texture much more compact and clofe, 

than thofe of the latter; for which reafon they do not 

fhxink fo much in drying. And is alfo of opinion, 

that 
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that what he has faid of the membranes encompaf- 

fing the fibres and fibrils of whale-flefh, will alfo hold 

true in other kinds of flefh, even down to that of a 

rat or moufe. 

Mr. Muys confirms the foregoing obfervations on 

the fiefbty fibres of the mufcles, being compofed of 

fmaller fibrils, and computes that 500 or 600 of them 

may be reckoned in one flefhy fibre, whofe diameter 

is the 24th part of an inch, r and that each of thefe 

fibrils are alfo made up of more than 300 tranfpa- 

rent tubuli, but fo fender as not to admit a 24th 

part of a fingle globule of blood. He has fhewn, that 

though the flefhy fibres of the mufcles are joined to 

the tendons, and tendinous membrane of a mufcle ; yet 

thofe tendinous fibres are not a continuation of the 

flefhy ones, as is generally fuppofed. He found that 

upon injecting warm water into the crural artery of a 

lamb of a year old, all the flefhy fibres loft their red- 

nefs and become white. He then injedted a colour’d 

liquor into , the fame artery, upon wdiich not only the 

fmall arteries appear’d replete with the tinged liquor, 

but that it had alfo pafled through each fibre. He 

alfo obferved, that feveral branches of the arteries now 

became vifibly fpread round the fmall fibrils, and tinged 

with the fame liquor; and upon examining the parts 

of the flefhy fibres, near the extremity of the arteries 

with a microfcope, found the fmall fibrils filled and 

tinged with the fame liquor ; and not the leaft ap¬ 

pearance of the liquor in the interfaces between the 

fibrils. And upon injedfing another colour’d liquor by 

the crural artery, he faw not only the fibres in fome 

of the mufcles, and moft part of them in others, filled 

with this matter, but upon examining them' in a good 

mi- 

? Phil Tranf. No, 339: 
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microfcope, found the fibrils, and even the leaft tubuli. 

that compos’d them, filled and tinged with the fame, 

yet the fmall ramifications of the nerves appear’d per-. 

fe£lly white. Whence it appears, that the fmall tubes 

which form a fibril, are really hollow; and that the 

extremities of the capillary arteries open into them, 

and empty therein a part of their liquor, which is 

re-conveyed by the veins into the heart. 

In the' fpinal marrow of an ox, Mr. Leeuwenhoek 

tells us, he faw with great delight minute hollow vef- 

fels of an inconceivable finenefs, invefted with their mem¬ 

branes, and extending length-wife parallel to each other, 

make up their compofition. He did not only difcern 

their cavities, which he computed to be three times lefs 

than their diameters, but in fome perceived the orifices, 

as the holes in a prick’d paper are feen, when held againft 

the fun. This examination requires the utmoft dexte¬ 

rity. For after a thin ilice of the fpinal marrow is placed 

before the microfcope, in lefs than a minute’s time it be¬ 

comes dry, and the whole appearance loft *. 

He alfo examined the brain of an Indian hen, a 

Iheep, an ox, a fparrow, &c. and did in them diftin- 

guifh multitudes of veftels extreamly fmall j and farther 

tobferv’d, that the veftels in the brain of a fparrow 

are no fmaller than in an ox, and from thence he ar¬ 

gues, that there is no other real difference between the 

brain of a larger and a fmaller animal, but only a greater 

or a fmaller number of veftels ; and that the globules 

of the fluid pafting through them, are in both of the fame 

fize. 

9 Arc. Nat. Tom. iii. p. 310, 355, 440. * Ibid. Tom. i. 

Part i. p. 38. 
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Of Hairs. 

ROM Malphigi’s curious obfervations of the hab> 

X. we are informed, that they are compos’d of a num¬ 

ber of extreamly minute tubes, which are moft diftin- 

guifhable near the end of the hairs in a horfe’s main 

and tail, and in the briftles of a boar, wherein thofe 

tubes fa manifeftly appear, that he could fometimes 

reckon above twenty of them; and in the hedge-hog’s 

prickles, he plainly law thofe tubes, together with me¬ 

dullary valves and cells. 

That which this fagacious and not enough to be 

commended obferver, took notice of in the ftru&ure of 

hair, and its parity to the fpines, u is obfervably true 

in fome meafure in the hairs of cats, rats, mice, and 

in divers other animals, which look very prettily when 

viewed with a good microfcope. 

Fig. 63. A, B, C, reprefents three cylindrical pieces 

of human hairs ; they are tranfparent throughout their 

. whole x length $ and are compofed of fmall long tubular 

fibres, encompaffed with a kind of bark j from which 

ttru&ure, the ends of long hairs when fplit, appear 

like a ftick ihrivelled with beating, fome of them in 

men, horfes, Iheep, hogs, &c« having fix or more fplin- 

ters. 

Fig. 64. reprefents a cylindrical piece of the hair, or 

brittle of an hog, which is neither perfectly round nor 

fharp edged, but prifmatical, with divers fides and roundifil 

angles. 

Part of a whifker of a cat cut tranfverfly, is re- 

prefented by the fhort cylinder, fig. 65. which feem- 

« Derham’s Phif. Thef. p. 220. * Hook’s Microgra. ift 
Ed. p. 158. 
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ed to have a large pith in the middle, like that of 

elder. 

The hairs of Indian deer appear perforated from fide 

to fide. The long hairs of horfes as at D E F, fig. 

66. feem cylindrical, and fomewhat pithy. 

The hair of a moufe feems to be one (Ingle tranfpa- 

rent tube, with a pith, made up of a fibrous fubfbmce, 

running in dark lines, in fome hairs tranfverfly, in others 

fpirally; thefe darker medullary * parts are no other than 

fmall fibres convolved round; and lying clofer together 

than other parts of the hair; they run from the bottom 

to the top of the hair, and it is apprehended that they 

run round in a fcrew-like fafhion. A B, fig. 67. re~ 

prefents that part of the hair which grew near the (kin, 

the middle part of the fame hair is (hewn at C D, and 

the point of it at E F. 

Hairs taken from the head, the eye-brows, the nof- 

trils the beard, the hand, and other parts of the body, 

appear unlike, as well in the roots as in .the hairs 

themfelves, and vary as plants do of the fame genius, 

but of different fpecies. 

Hairs have each a round bulbous root, which lies 

pretty deep in the fkin, being planted in the pyramidal 

papillae, and by this imbibe their proper food from the 

adjacent humours, and, as hinted above, their extremi¬ 

ties fplit or divide in two or three branches, efpecially 

when kept dry, and left to grow too long; fo that what 

to the naked eye appears only a fingle hair, to the mi- 

crofcope feems a brufh. 

y Arc. Nat. Tom. iii. p. 47. 

D Of 



54 Of the Scales in the Human Skin', 

Of the fcales in the human fkin. 

THE cuticula, fcarf fkin, or outward covering of 

the body, is remarkable for its fcales and pores. 

The fcales grow upon our bodies, juft as the fcales 

grow upon the external fkin of a fifh, z and are placed 

as in fxftfes three deep, i. e. each fcale is fo far cover’d 

by two others, that only a third part thereof appears* 

as at M, fig. 70. their lying over one another, may be 

the caufe why the fkin of the body appears white ; for 

about the mouth and lips, where they only juft meet 

together, and do not fold over, the blood-veffels are feea 

through, and the parts look red. 

The perfpirable matter is fuppofed to ifiiie between 

thofe fcales, (which lie over the pores or excretory veffels, 

through which the watery and oily humours perfpire) 

and may find vent in an hundred places round the 

edges of the fkin. 

A piece of fkin taken from between the fingers, 

neck, arms, forehead, or any other part of the body 

which is not hairy, ferves beft to fhew the fcales : or 

if they be fcraped off with a penknife, and put into a 

drop of water, and fo applied to the microfcope, they 

will be feen to good advantage, as at L, fig. 70. and 

generally confift of five fides. 

Mr. Leeuwenhoek tells us 200 of them may be co¬ 

vered with a grain of fand % fo that if a grain of fand 

can cover 200 of thofe fcales, it will alfo cover b 20,000 

places through which perfpiration may ifiue. 

2 Phil. Tranf. No. 159. a Arc. Nat. Tom. i. Par. II. 
p. 208. & Arc. Nat. Tom. iv. p. 48. 

To 
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*Fo view the Pores of the Skin, 

To view the pores of the fkin. 

CUT a flice of the upper fkin with a fharp razor, 

as thin as poffible; and then immediately cut a 

fecond flice from the fame place, which apply to the 

microfcope, in a piece about the bignefs of a grain of 

fand, innumerable pores will be perceived. If a piece 

©f the fkin between the fingers, or in the palm of the 

hands, be thus prepared, and then examined, the light 

may very pleafantly be feen through the pores. 

The pores through which we perfpire, are moft re¬ 

markable in the hands and feetc; for if the hand be 

well wafhed with foap, and examined but with an in¬ 

different glafs, in the palm, or upon the ends and hrft 

joints of the thumb and fingers, innumerable little ridges, 

parallel to each other, of equal diftance and bignefs, 

will appear; upon which the pores may be perceived 

by a very good eye, but when view’d thro’ a very good 

glafs, every pore feems like a little fountain, with fweat 

Handing therein, as clear as rock water, and if wiped 

away, it will be found immediately to fpring up again. 

Of feathers. 

THE feathers of molt forts of birds afford a beau¬ 

tiful variety, obfervable in that incomparable cu~ 

riofity with which every feather is made; the vanes 

thereof are curioufly gaged, broad on one fide, apd nar¬ 

row on the other; both w7hich adminifter to the pro- 

greffive motion of the bird, as well as to the union and 

dofenefs of the wing; and no lefs exquiute is the tex-» 

D 2 trinq 
f Phil. Tranf. No. 159, 



3 6 Of Feathers. 

trine art of the plumage alfo, which is fo curloufly 

wrought, and fo artificially interwoven, that it cannot 

"be view’d without admiration, efpecially if the eye be 

armed with a microfcope. 

Mr. Hook obferves, that the make and texture of 

their downy parts are moft admirable; for, fays he, there 

is fcarce a large feather, but contains near a million 

of diftinct parts, and every one of them regularly lhaped 5 

with his naked eye he counted 300 of the long downy 

branches on one fide, and an equal number on the 

other fide, of more fliff and fhorter branches, in a middle 

fized goofe quill, and examining many of thofe long 

downy branches with his microfcope, found feveral of 

them to contain near 1200 final! leaves, fuch as A B 
• 

of fig. 71. and as many ftalks on the other fide, fuch 

as A G, of the fame figure; each of thefe branchings 

A B, teemed divided into 16 or 18 frnall joints, out of 

moft of which grew long flender fibres,, as are expreffed 

in the figure, by abed, feveral of which terminated in 

a hook; thofe on the other fide were much fhorter, the 

ftalks A C were divided into as many knotted joints, 

but without firings or hooks, being divided at D into 

two parts, one fide extended from D towards C, in 

, length equal to A C, the other fide at D was very fihort. 

The tranfverfe fedlion of thefe flems or branches, were 

fhaped like EFGH, whofe covering appear’d like horn, 

and the pith like that of the main flem of the feather ; 

thefe flems or downy branches are fo ranged, that the 

leaves or hairy ftalks of the one, lie at top, or are 

incumbent on the ftalks of the other, and crofs each 

other, much after the manner of fig. 72. by which 

means, each of thofe little hooked fibres get between 

the naked ftalks, which being full of knots, and a 

pretty way disjoined, the two parts are fo clofely aqd 

admirably 
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admirably wove together, as to refill the air; and are 

fo extreamly fmall, that the 500th part of an inch 

exceeds them in thicknefs. 

The parts of the feathers of a peacock, appear through 

the microfcope no lefs beautiful than the whole feather 

does to the naked eye ; the Item of each feather in the 

tail, fends out multitudes of lateral branches ; fuch as 

A B, of fig. 73. which reprefents one thirty fecond-part 

of an inch, each of thefe lateral branches emits num¬ 

bers of little fprigs or hairs, on each fide, as C D, C D, 

C D, each of which in the microfcope appear to con- 

fid of a multitude of bright fliining parts, which are a 

congeries of fmall plates, as e, e, e, e, e, &c, each fhaped 

like a, b, c, d, of fig. 74. ac being a prominency or 

item ; and d and b the corners of two fmall thin plates, 

that grow into the fmall dalk in the middle, making a 

kind of little feather, and lie clofe to, or rather upon 

each other in the manner of tiling; they grow on each 

fide of the {talk, oppofite to each other, by two and 

two, in the manner expreffed by fig. 75. the tops of 

the lower ones covering the roots of thofe next above 

them; the under fides of each of thefe plates are very 

dark and opake, reflecting all the rays call upon them ; 

much like the foil of a looking-glafs; but their upper 

fides feem to confift of a multitude of exceedingly thin 

plated bodies, lying clofe together, and thereby like 

mother of pearl (hells do not only reflect a very brifk 

light, but even tinge that light fo reflected in a mod 

curious manner, which by various pofitions of the light, 

reflect fird one colour and then another, in a mod vivid 

apd furprizing manner. And that thefe colours arife 

only from the refraction of light, he found that wetting 

tfie colour’d parts with water, dedroyed their colours, 

and though he was not able to fee thofe hairs at all 

P 3 trandarerd 
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tranfparent in common light, yet by looking at them 

againft the fun, found them to be tinged with a darkifh 

red, not at all refcmbling the curious greens and blues 

they exhibit. 

The changeable colour’d feathers of ducks, and fevera! 

other birds, he found upon examination with the micro- 

fcope to proceed from the fame caufes and textures. 

The beft way to apply one of thefe fmall downy 

fibres to the microfcope, is to pinch them between the 

nippers. 

Mr. Derham, in his defeription of the vanes of a 

flag feather of a goofe’s wing, obferves thefe two par¬ 

ticulars, i. That the exterior or narrow vanes bend 

downwards; the interior wider vanes upwards $ by 

which means they catch hold, and lie clofe to one ano¬ 

ther, when the wing is fpread, fo that not one feather 

may mifs its full force and impulfe, 2. That the very 

tips of thefe feathers are alfo neatly Hoped to a point, 

towards the outer part of the wing; the exterior vanes 

towards the body. 

The vane or web of a feather, confifts of fcveral 

laminae, which are thin, ftiff, and fornewhat of the na¬ 

ture of a thin quill; towards the fhaft of the feathers 

(efpecially in flag feathers of the wing) thofe laminae 

are broad, and of a femiciicular form, which ferves for 

flrength, and alfo for fhutting thefe plates clofe to one 

another, when impulfes are made upon the air. To¬ 

wards the outer part of the vane, tnefe laminae grow 

flender and taper; on their under fide they are thin 

and fmooth, but are parted mto two hairy edges on the 

upper; each fide having a different fort of hairs lami¬ 

nated or broad at bottom, and flender and bearded above 

the other half. k 

a The 
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The uppermofl edge of one of the laminae, with fome 

of the hairs on each fide, is reprefented in fig. 76. 

as it appears a little magnified in the microfcope. Thefe 

bearded briftles, or hairs, are {freight on one fide thereof, 

as fig. 77. thofe on the other fide have hooked beards 

on one fide of the briftle, and {freight ones on the other, 

as fig. 78. both thefe briftles magnified (only fcattering 

and not clofe) are reprefented as they grow upon the 

upper edge of the laminae f t, in fig. 76. and in the 

vein, the hooked beards of one laminae, always lie next 

the ftreight beards of the next laminae, and by that 

means lock and hold each other, and by a pretty me- 

chanifm, brace the laminae clofe to one another. And 

if at any time the vane happens to be ruffled and dif- 

compofed, it can by this eafy mechanifm, be reduced 

and repaired. 

Of flies. 

t ip H E common fly is an object beautifully orna- 

-M, ' ted with a mixture of filver and black, and 

thk h briftles, pointing from its head towards 

the m its head are two large hemifpherical eyes, 

err. wred with fnver hairs, a wide mouth, an hairy 

trii’ and a pair of fhort horns. Its trunk has two 

pa ts folded over each other, and fheathed in the mouth, 

vvnofe extremity is iharp. In thofe flies which are of 

a light colour and more tranfparent than others, the 

'motion of the inteftines may be plainly fren, and alfo 

the motion of the lungs, as they alternately dilate and 

contract themfelves. 

In general, the female fly is fupplied with a move- 

able tube at the end of her taij, by the extenfion 

D 4 
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of which fhe can convey her eggs into convenient 

receptacles, fuch as may afford a proper nourlfhment 

to the young. From thefe eggs proceed minute maggots 

or worms, reprefented in fig. 79. which after feeding 

voracioufly for fome time, arrive to their full growth, 

and are transform’d into little aurelias, as in fig. Bo. 

whence after a longer fpace of time, they iffue forth 

perfedt flies, as fig. 81. 

Of the feet of flies, &c. 

FIG. 82. A, is a microfcopic reprefentation of the 

foot of a fly, in which is feen three of its joints, 

the two talons, and the two fkinny palms or foies in 

a flat pofture. Fig. 82, B, {hews only one joint, the 

talons, &c. in another poflure, which is fo admirably 

and curioufly contrived, as to enable the flies to walk 

againfl: the Tides of glafs, and to fufpend themfelves 

under the furface of a ceiling, with the greatefl: Teem¬ 

ing facility and firmnefs. The two talons A B, AC, 

are very large in proportion to the foot; the biggefl: 

part of them from A to 11, is all hairy, their points 

C and B fmooth, and bending inwards. Each of thefe 

talons are jointed at A, fo that the fly is able to open 

and fhut them at pleafure: the claws readily enter the 

pores of moft fubftances, at which time, as the fly en¬ 

deavours to fhut them, the claws C B, do not only 

draw towards, but fix each other; and alfo draw the 

whole foot G G A D D forward ; fo that on a foft body, 

the points G G G G (of which the fly has about ten 

to each foot) enter. This is fenfible to the naked 

eye, in the feet of a chaffer, and if you fuffer him 
1!' 

to 
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to creep over the hand, he makes his dep as fenfible 

to the touch alfo. 

But as this contrivance often fails the chaffer, fo would 

it the fly, had not nature furnilhed his feet with ano¬ 

ther curious contrivance, which is the palms or foies 

jD D. They are two fmall, thin, flat, and horny fub-’ 

fiances, that arife from the under part of the lad joint 

of the foot, and are feemingly flexible; fo that their 

two fides do not always lie in the fame plane, but 

may be fhut clofer, and as it were grafp a body of 

themfelves : befides, the under fides of thefe foies are 

all befet with fmall briftles, like the wire teeth of a 

card, whofe points tend forward. Hence the talons 

drawing the feet forward as before, and thefe foies being 

applied to the furface of the body, with all its points look¬ 

ing the contrary way, if there be any irregularity, or yield¬ 

ing therein ; the fly fufpends itfelf very firmly and eafily. 

That the fly is enabled to walk on glafs, proceeds partly 

from a ruggednefs of the furface, or a kind of tarnifh or 

dirty fmoaky fubflance, adhering to the furface of that 

very hard body; and though the pointed parts cannot 

penetrate, yet they may find pores enough in the tarnifh, 

or at lead make them. This drudture Mr. Hook fur- 

veyed with great diligence, becaufe he could not com¬ 

prehend, that if there was any fuch glutinous matter 

in thofe fuppofed fponges (as mod that have obferved 

that object in a microfcope, have believed) how the fly 

could fo readily unglew and loofen its feet; and alfo be¬ 

caufe he had found no other creature any ways like it. 

A contrivance nearly alike to this is to be found in 

all kind of flies, and cafe-winged infedls, and in the 

flea, in mites, &c. fome of which have only one fharp 

talon at the end of each leg, which drawing towards 

the center or middle of their bodies, enable thefe exceed¬ 

ing 
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ing light bodies to fufpend and fallen themfelves to a!moil 

any furface. This will not feem ftrange, if we confl- 

der firft how fmall their bulk is when compared to their 

fuperficies, their thicknefs frequently not amounting to 

the looth part of an inch. Secondly, their ftrength and 

agility, compared to their bulk, which in that propor¬ 

tion perhaps may be an hundred times ftronger than an 

borfe. Thirdly, if we confider that nature always appro¬ 

priates the inftruments in the moft fit, eafy, and fim- 

pie manner poffible to perform their office; which is 

aIfo verified in the foot of a loufe, each of his legs 

being footed with two fmall daws, with which it grafps 

and thereby moves itfelf to and fro upon the hairs of 

the creature it inhabits. 

The legs of flies are bell applied to the microlcops, 

by being either ftuck upon the point, or held between 

the nippers. Though we frequently place them be¬ 

tween two talcs in an ivory Aider. 

Of the eyes and head of a grey drone fly. 

THE llrudure of the eye in all creatures, is an 

admirable piece of mechanifm 3 but the beautiful 

contrivance of the eyes of infeds is fo peculiar, that 

it muft excite our admiration 3 fo fenced with its own 

hardnefs, that its own accurate vifion is a good guard 

againft external injuries 3 its outward coat being all over 

befet with curious lenticular inlets 3 enabling thofe crea¬ 

tures to fee very accurately every way, without any in¬ 

terval of time, or trouble to move the eye towards ob- 

jeds d. 

See fig. 83. This fly was made choice of, becaufe the 

inquiry being chiefly about the eyes, it was found to 

have 

f Derhanrs Phy, Theo. p. 171. 
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have the biggefl duller of eyes, in proportion to its 

head, of any other fmall fly; it indining fomething 

towards the make of the large dragon fly, which is the 

moll remarkable of all other infeds for its fine pearled 

eyes. 

The greatell part of the head was nothing elfe but 

two large protuberances, A B. C D E, whofe furface was 

covered over with a multitude of fmall hemifpheres, 

placed with the utmofl: regularity in rows, eroding each 

other in a kind of lattice-work. 

That half of them C D E, C D E, which looked to¬ 

wards its legs, were obferved to be fmaller than the 

other half A B C E, A B C E, which looked upwards and 

Tideways. The furface of thefe hemifpheres were fo ex¬ 

ceeding fmooth and regular, that in each of them Mr. 

Hook was able to difeover a landfcape of thofe things 

which lay before his window, part of which was a 

large tree, whofe trunk and top he plainly faw. Alfa 

the motion of his hand and fingers, it moved netweea 

the object and the light. Thefe rows of eyes was To 

difpofed, that no objed was vikble from his head, but 

Tome of thefe hemifpheres were directed againfl it: and 

further, that where the trunk of the body feem’d to 

hinder the prolped, thefe protuberances were elevated, 

fo that a fly may be truly faid to have an eye every 

way. Thefe little hemifpheres have each of them a 

minute tranfparent lens in the middle, each of which 

hath a diftind branch of the optick newe miniltring 

to it, and rendering it as fo many diftind eyes 3 fo that 

as moft animals are binocular, flies, beetles, &c. are 

multocular, having as many eyes as there are perfora¬ 

tions in their cornea c. By which means as other crea¬ 

tures are obliged to turn their eyes to objeds, thefe 

havs 
e Derham’s Phy. Theo. p. 37 2. 
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have feme of their eyes ready placed towards objcdls 

nearly all round them. 

Two of thefe optick nerves are reprefented as deli¬ 

neated by Mr. Leeuwenhoek, in fig. 84. And in fig, 

85. are exhibited f a great many of them in a duffer, 

as they appeared before the microfcope, whereof that 

part of them which was fituate next the cornea is fhewn 

by the letters NOP; it is alfo obfervable, that thofe 

nerves, which were neareft to the circumference of the 

cornea, were fhorter than thofe next within them, and 

fo on, till they arrive at the central nerve, which is 

the longeft of all. 

The number of the pearls in this fly, Mr. Hook 

r'eckon’d to be 14000. Mr. Leeuwenhoek computed 

6236 in a filk-worm’s two eyes, when in its fly Hate; 

3181 in each eye of a beetle -} and 8000 in the two 

eyes of a common fly. 

Cut off the eye of any fly, and with a pencil, and 

fome clean water, wafh out all the vefiels, thofe veflels 

may be examined by the microfcope, and then if you 

carefully dry the outward covering, fo as not to let it 

fhrink, it will be rightly prepared for making experL 

ments; and upon viewing it, we fliall diftinguifih the 

numerous protuberances or hemifpheres divided from 

one another with a finals light, ifiuing between them, 

and fix tides to each. Mr. Leeuwenhoek having pre¬ 

pared an eye in this manner, placed it a little farther 

from his microfcope than when he would examine an 

object, fo as to leave a right and exad focal diftance 

between it and the lens of his microfcope; and then 

look'd through both, in the manner of a telefcope, at 

the fteepie of a church, which was 299 feet high, and 

750 feet from the place where he flood 5 and could 

plainly 
* Arc. Nat. Ep. 111, 
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plainly fee through every little lens, the whole fteeple 

inverted, though not larger than the point of a fine 

needle ; and then directing it to a neighbouring houfe,. 

faw through abundance of the little hemifpheres, not 

only the front of the houfe, but alfo the doors and 

windows, and was able to difcern diftincily whether 

the windows were open or fhut. 

An eye of a fly thus prepared, may be held between 

the nippers for examination. But the head of any fly 

is bed feen when duck upon a piece of card, with 

feme ftrong gum water, and applied to the microfcope 

under the filver refledtor, which piece may be held in 

the nippers. 

N. B. The horns F F, the feelers G G, the probofeis 

H H, and the hair and brillies K K, fhall be here¬ 

after deferibed. 

Of the wings of flies. 

The wings of all kinds of infedts afford an infi- 

nite variety, no lefs agreeable to the mind, than 

pleafmg to the eye ; being diflended and ftreng-thened 

by the fined: bones, and cover’d with the lighted mem¬ 

branes. Some of them are adorn’d with neat and beau¬ 

tiful feathers, and many of them provided with the fined 

articulations and foldings, for the wings to be with* 

drawn, and neatly laid up in their vaginae and cafes,- 

and again readily extended for flight. 

This of the blue fly, fig. 86. here exhibited, is not 

without its peculiar ornaments; it grows out of the 

middle part of the body of the fly, and is feated a 

little beyond the center of gravity thereof, towards 

the head ; but that ii curioufly ballanced by the ex- 
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panded area of the wing, which confiffs of fevera! 

bony ribs, that gave ftrength to the filmy parts; which 

are thickly befet with innumerable fmall briftles, inter¬ 

mixed with as many dark fpots, which feem to be the 

roots of the hairs that grow on the other fide. 

Of other flies, fome of their wings are filmy, as the- 

dragon flies j others ftuck over with fhort briftles, 

as the flefti fly; others have divided wings, as the 

grey and white feather’d moths ; many forts of gnats 

wings are adorned with rows of feathers along their 

ridges, and borders of feathers round their edges; fome 

have hairs, and other hooks, placed with the greatefl: 

regularity and order. In the butterfly and fome moths, 

there are an infinite number of fmall feathers, which 

cover both the under and upper furfaces of this thin 

film, not only fhaped much like the feathers of birds, 

hut alfo variegated with the greatefl: variety of curi¬ 

ous bright and vivid colours ; which is evident to the 

naked eye, but much more entertaining when view’d 

through the microfcope ; by which we are informed, 

that thefe curious colour’d minute feathers end In quills, 

and are placed in orderly rows with great exadtnefs, 

as the holes they come from fhew when they are 

rubb’d off. 

Fig. 87. reprefents a fmall piece of a butterfly’© 

Wing; AB fhews one of thofe bony ribs that gives it 

ftrength, along whofe fides are fuppofed to branch out 

Various blood-veffels, conveying nourifhment to the in¬ 

termediate parts ; although no circulation can be dif- 

cern’d therein, we can fcarce doubt but that a con? 

tiqual fupply of juices muff be carried on to thefe mi¬ 

nute quills, hairs, and briftles; C, C, C, exhibits threa 

of thefe Angle plumes, with their quills adhering to 

franfparent membrane of the wing, in which mem- 

bran? 
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br^ne G, G, G, when diverted of its feathers, may 

be feen the orders of pits or holes where the quills are 

jrooted,' and from whence they fhoot; D, E, F, fhews 

a few of the feathers exactly in the form as they 

cover the whole wing. 

Some flies have hairs, and all the fca-rab kind have 

elytra, or cafes, into which their wings are folded and 

preferved, till they want to employ them, as in fig, 

no. fome of thefe cafes reach almoft to the extremity 

of thair tail, as in moft kinds of beetles; and in other# 

are very fhort, as in the earwigg. They do by a very 

curious mechanifm extend and withdraw their mem¬ 

braneous wings. It is very curious to fee them pre*> 

pare themfelves for flight, by thrufting out, and then 

unfolding their wings; and again withdraw thofe joints* 

and neatly fold in the membranes, to be laid up fafe 

in their elytra or cafes; for which fervice the bones 

are admirably placed, and the joints miniftring thereto 

are accurately contrived for the moft compendious and 

commodious folding up of the wings. 

Mr. Hook hath obferved the motion of thefe filmy 

wings in fome minute fpinning flies, which naturally 

jfufpend themfelves as if pois’d and fteady in one place 

of the air, in which by a faint fhadow he could per¬ 

ceive the utmoft extremes of the vibrative motion; 

which fhadow, while they endeavour’d to fufpend them- 

ielves, was not very long; but when they endeavour’d 

to fly forward, it was fomething longer; he alfo fixed 

the legs of a fly with glew or wax upon the top of 

the ftalk of a feather, and then making it endeavour 

to fly away, was thereby able to view it in any pof- 

ture; and found the motion of the extreme limits of 

the vibrations, to be about the length of the body dif- 

tsuxt from each other $ and concluded by the found, that 
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the wing was moved forwards and backwards with 

an equal velocity, (and comparing it with a mufical 

flrifig tuned unifon to ir) the vibrations whereof are 

fo fwift, that it is probable there are many hundred, 

if not thoufand vibrations in one fecond of time, and 

fuppofes them the fwifteft vibrations in the world ; whence 

he reflects on the quicknefs of the animal fpirits, which 

ferve to fupply this motion. 

It is obfervable that moft infers are provided with 

a little ball, g or bladder, under each wing, fix’d at the 

top of a {lender flalk, moveable every way at pleafure; 

in fome they Hand alone, in others (as in the whole 

hefh fly tribe) they have little covers, under which 

they lie and move; with thefe poifes, and fecondary 

leffer wings, they obviate all the vacillations of their 

body, and poife it in flight, as a rope-dancer ballances 

himfelf by his pole loaden at each end with lead. 

If one of thefe be cut off, the creature hies auk- 

wardly for a while, and at lafl falls to the ground. 

Thefe bladders being hollow, may ferve likewife to 

produce the ncife many forts of hies make by flriking 

their wings againft them;, infers that have four wings 

ballance themfeives with the two leffer ones. 

The wings of hies are beft applied to the microfcope 

between two Mufcovy talcs, in an ivory Aider. 

If with an hair pencil, or point of a penknife, yon 

gently brufh or ftroke off fome of the minute fea¬ 

thers from the wings of butterhies, and fome fort of 

moths, then breathe upon a Angle talc in one of your 

Aiders, and apply it to the feathers, which feem only 

like £ fine dull, they will immediately adhere to it; if 

upon their application to the microfcope they lie not 

to your mind, wipe them off, and put on others in 

the 

£ Durham’s Phy. Theo. p, 377. 
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the fame manner, till they lie fair for examination, then 

cover them with another talc, and fallen them down with 

a ring. 
' ' ' v 

Of a blue fly. 

FI G. 86. reprefents a microfcopical picture of this 

fly; it has many things about it worthy of note ; 

feveral of which are already defcribed, viz. the head, the 

eyes, wings, and feet. 

The clutters of eyes in this fly are much fmaller than 

that of the drone fly in proportion to its head. Between 

thefe two clutters of eyes appeared a fcaly prominency B, 

armed and adorned with black briftles, lliarp, and taper- 

mg, growing in rows on either fide, and bending towards 

each other, formed a kind of briftly arbor, which almoft 

covered the fore front; at the end of this arch, and about 

the middle of the face on a rifing part C, grew two oblong 

bodies D D, which through the microfcope looked not 

unlike the pendants of lillies, and appeared to be jointed 

on two fmall parts at C, each of which feemed again jointed 

into the front. Out of the upper part of each of thefe 

horns grows a feather, or brulhy brittle E E, on the 

under part of the face F F, were feveral of the former 

fort of bended briftles; and below all is the mouth, out 

of which grew the probofcis G H I; which by means of 

feveral joints, the fly was able to move to and fro, and 

to thruft in and out as it pleafed. The end of this hol¬ 

low body, which was covered over with fhort hairs, 

feemed bent at H, and the foremoft fide of the bended 

part flit into two chaps b H I, HI, Thefe he could open 

and Ihut very readily, and when he feemed to fuck any 

thing from the fur face of a body, he would fpread thofe 

chaps, and apply the hollow part of them ciofe to it.. 

E From 

h Hook’s Micro, p. 183. 
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From either fide of the probofcis, within the mouthy 

grow two fmail horns K K, which were hairy and final!* 

in this figure, but of another Fiape, and bigger in pro¬ 

portion in fig. 83. where they are marked G G, which 

two are generally called, the antennae, or horns of infedts*. 

Mfr Derharn imagines them to be obfolutely neceflary tcy 

the fearching out and finding their way 5, as their eyes 

are immoveable ; fo- that no time' is required for their 

turning them to objedts ; there is no neceflky that the 

retina, or optick nerve,, fhould occafionally be brought 

nearer to, or removed farther from- the cornea, as it is in 

other animals ; but their cornea amd optick nerve being 

always at the fame diFance, and fitted only to- lee diFant 

objedts, they would be infenfible of, and apt to run their 

heads again!! bodies very near them, were they not 

afliFed by their feelers r and that this, rather than wiping 

the eyes, as feme have imagined,, is the particular ufe of 

the feelers, and is apparent from the fiefh fly, and many 

other infedts, which have their antennae fo fhort and 

Freight,, as not to be capable of being bent unto, or ex¬ 

tended over the eyes. 

The middle part of this fly was cafed with a firm coat 

©f armour, the upper part of which was thickly befet 

with conical briftles, pointing backwards ; from its under 

part fprang fix legs, three of which- are apparent in the 

figure at M, N,. O ; they were all of the fame Fruchire, 

being covered with an hairy fihell, and compofed of eight 

joints, to the laft of which grew the foies and claws be¬ 

fore deferibed in pag. 40. From the upper part of the 

trunk grew the two wings, which are deferibed pag. 45 ; 

the hinder part of his body was of a moft curious fhining 

blue, and exadtly like polifhed Feel, brought £0 that 

colpur by nealing. 

The 
j Dirham's Fhy, Theo, p« 3,7z% 
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The lamellated antennae of fome, the cavelated of 

ethers, the neatly articulated and the feathered or tufted 

of others, are exceedingly beautiful when viewed through 

9l microfcope. 

And in fome thefe antennae diftinguilh the fexes k, for 

in the gnat kind all tliofe with tufts, feathers, or brufh 

horns, are -males; and thofe with Ihort Tingle fhafted 

antennae, are females. 

Flies of any kind may be examined in the microfcope, 

by hacking them upon the point, or pinching any part of 

them between the nippers, and fo applied to the magnifier 

ander the reflecting concave, if it be opake. And if you 

are defirous to keep its head, or any other part, it may 

be ftuck with gum water upon a piece of card. 

It is very obfervable, that infeCts take particular care 

to depofite their eggs or feed in fuch places, where they 

may have a fufficient incubation, and where the young, 

when hatched, may have the benefit of proper food till 

they become able to fhift for themfelves. Thofe whole 

food is in the water, lay their eggs in the water; thofe 

to whom fleih is a proper food, in ftefti ; and thofe to 

whom the fruits or leaves of vegetables are food, are 

accordingly repofited, fome in this fruit, fome in that 

tree, and fome in that plant, and fome in another, but 

conftantly the fame kind in the fame tree, &c, 

As for others that require a more conftant and greater 

degree of warmth, they are provided by the parent animal 

with fome place in or about the body of other animals; 

fome in the feathers of birds, fome in the hair of beafts, 

fome in the feales of fifties, fome in the nofe, fome in 

the flefh, nay fome in the bowels and inmoft recedes of 

man, a*id other creatures. And as for others, to whom 

E 2 none 

f Derham’s Phy, Theo. p. 373. 
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none of thefe methods are proper, they make them nelfs 

by perforation in the earth, in wood, in combs, and tire 

like, carrying in, and fealing up provifions, that ferve 

both for the production of their young, and for their food 

when produced. 

In flies, butterflies, &c. it is obferved there is a kind 

of gluten, by which the female fattens her eggs to the 

bearing buds of trees, &c. fo that the rains cannot wafh 

them off, nor the fevereft froft hurt them. 

Of infects that infefl fruit and other trees. 

H E S E infedts are of the ichnumon fly tribe; that 

JL generated in the plumb, is black, of a middle fize, 

its body near three tenths of an inch long, its tail not 

much leis, confifting of three brrftles, wherewith it con¬ 

veys its eggs into fruit, its antennae long, flender, re¬ 

curved ; its belly longilh, tapering, fmall towards the 

thorax, legs reddilh, wings membraneous, thin and 

tranfparent, in number four. 

The blofloms of apples and quinces are infefted with 

■multitudes of fmall animals, fo likewife are the green 

leaves of goofe-berry, currant, cherry, grape, plumb, 

and other trees-, overftocked with- infinite numbers of thefe 

minute flies. Some blackifh, others green, fome winged, 

others without wings; feveral of which bring forth their 

young alive and perfect; for if their bodies be opened, 

feveral imperfeCt embrio’s may be found therein. Alfa 

InfeCts of a greenifh colour of the Ihape of fig. 88. but 

no bigger than a grain of fand when firfl: hatched, which 

at full growth appear to the naked eye of the fize of 

fig. 89, 

Thefe 
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Thefe little infers Leeuwenhoek calls pediculus 1, or 

loufe, who on plucking a leaf from a plumb-tree, and 

putting it into fuch a glafs tube as has been already de- 

fcribed, which he applied to his microfcope, and found 

thereon 36 black flies, and feveral hundred of thefe green, 

lice, and among them many which were but juft hatched. 

In a fliort time thefe green lice died, and from their car- 

cafe came forth a black fly. Fig. 88. reprefents the car- 

cafe of one of the green lice as it appeared before the 

microfcope. The ftiell or fxin of its back had feveral 

rows of knobs upon it; its eyes A B were like thofe of 

other flies; C D fhew its two antennae articulated and 

fet with hairs. E F G H I K fhew the legs, having at 

their extremity two hooked nails, and fhort hairs. L M 

reprefents the aperture, from whence came out the worm, 

from which the fly was produced, having firft eaten up 

all the infide of the body of the green loufe. 

Fig. 90. exhibits one of the minute black flies thus ' 

produced from a worm, which had increafed itfelf by 

deftroying its fofter parent, and then changed into a 

nymph, and at laft from that to a fly, furniftied with all 

thofe minute organs as are expreffed in the figure; 

whereof A B (hews its two eyes, C D its anterfliae, 

which afford a pleafant fight in the microfcope, its 

curious joints being finely befet with hairs. 

E F are two organs, through which it fucks its nourifli- 

ment, its long tail G H I, K L M N, its four wings 

bedecked with exceeding fine hairs and a much finer 

membrane, G O G O O O its fix feet, which were alfo 

furniftied with many joints, and thickly fet with hairs. 

The letters P Q_R exprefs the point of the nippers which 

held the fly before the microfcope, Thefe lice are alfo to 

E 3 be 

? Arc. Nat. Ep. 13-, 
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be found upon the leaves of filberd-trees, with this dif¬ 

ference,, the former being green, and the latter white. 

Upon the leaves of apples and other trees, are found a 

curious fly m, the exquifite make and form of its parts are 

not to be difcerned without a microfeope. Fig. 91. repre¬ 

fen ts the fize and fhape it appears of to the naked eye, 

and fig. 92. a part of its head, whereof A B are its 

two protuberant eyes, C D E its fnout, furnifhed with 

various forceps or teeth, with which it perforates the 

buds of fruit and flowers; this fnout is flexible and capable 

of bending every way, C F and D G are the two horns 

which adorn the fnout. Fig. 93. is almoft a fourth,part 

of the leg of this fly, which confifts of four joints. H J 

are two nails which appear in the microfeope, as horn- 

does to the naked eye, and K L fhews its two fkinny 

palms or foies. 

There is another fort of animalcula found in the 

wrinkles and wreathed curls of blighted leaves n, and in 

the extremity of the fprouts of leaves, as in garden cur¬ 

rants, cherries, peaches, ne£farines,’&c. may be found 

great fwarms of thefe minute infe&s, no bigger than an 

half-grown loufe, one of which is reprefented by fig. 94. 

of its full growth, and of the fize it appeared of to the 

naked eye. Fig. 95. fhews the fame magnified and near 

its laffc change, the folded wing juft beginning to appear 

at A B. It had fix fmall jointed feet, fenced with fhort 

hairs, and two nails on each; C fhews one of its eyes, 

which was of a furprizing make. D F reprefents the 

probofeis, with which it perforates the leaves and buds 

of trees, and then thrufts out its Dart E and fucks 

their juice. From its tail proceeds two upright parts 

G H, out of which a tranfparent liquor is frequently 

diffufed 

jn Leeuwenhoek Ex. 8c Con. Epift. 89. ^ Leeuwenhoek 

1$. & Con. Eplft, 90. 
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dirfiufed as at H. I K L is the needle’s point, upon which 

the animal was ftuck; and fig. 94, as before hinted, the 

fame animal when changed into a fly- 

Mr. Derham could never obferve any ether kind of fly 

hut the leffer phalenae 0 about four tenths of an inch 

long, to be bred in pears and apples; it is whitifh under¬ 

neath, greyiih brown above, fpotted about one third with 

waves of a gold colour, its head fmall, a tuft of whitifh 

hrown on its forehead, and antennse fmooth. The aurelia 

of this moth is fmall, and of a yellowifh brown- 

Of excrefbencies growing on willow-leaves, and 

a fmall fly bred thereon- 

r . . , ^ K MR- Leeuwenhoek frequently difcovered more than 

one fort of worm upon opening the knotty part 

of willow-leaves, and having put feveral of thefe knots,' 

whofe contained worms were not full grown, into a 

large glafs tube, that the worms might attain their full 

growth, could not find that any of them did fo ; ob- 

ferving at the fame time feveral of thefe knots to have 

none of the worms in them, but almofl: full of the ecre- 

ments of the worms which had been therein, and were 

diflodged, through a imall hole he could perceive in th% 

knots. 

Fig. 96. A B neprefents a willow- leaf, in which are 

feveral excrefcencies, feme of them with holes as F, 

others as C D E j G H fhews two of thefe knobs cut 

open, and the pofture of the worm therein, feveral worms 

lay dead in the knobs fuppofed to be killed by other lelTer 

worms, produced from, an egg depofited by another fly 

• Phy. Theo. p. 387; 



fince the production of the former, which 'devoured and 

lived upon the larger worm. 

In the middle of July Mr. Leeuwenhoek cropt feveral 

willow-leaves, in which were fuch like knobs p, and 

difcovered feveral worms nearly arrived to their full 

growth: after thefe knobs had been in the glafs tubes 

about eight days, upon opening one of them he found, 

that the worm was turned into a tonnekin or aurelia, and 

In fome others thirteen or fourteen more of the fame. In 

fome of the knobs he found the fmall devouring worms 

above-mentioned, being fo far advanced in growth that 

they were ready to be changed into flying infers 5 he put 

thefe alfo in glafs tubes. After fome weeks certain black 

flies proceeded from thofe tonnekins, their hinder parts of 

an oblong figure, and falhioned like a hook. He alfo 

faw two of thefe fmall worms (which devoured the large 

ones) endeavouring to enclofe themfelves in a web ; but 

by reafon of the large fpace in which they lay, could not 

bring it quite round them, having made it only on one 

fide, and their change happened in fo fhort a time that 

be could hot make his remarks thereon. 

Fig. 97. reprefents the aforefaid fly as it appears to the 

naked eye. A B {hews the long, flender, and hooked 

part; on examining this little inftrument in the microf- 

cope, it appeared to be hollow, and was covered with a 

great number of'fine hairs, as in fig. 98. and on en¬ 

deavouring to fplit it, the dart, fig. 99. appeared, whofe 

point is only jagged with faw-like teeth, which being 

alfo fplit, ■ two other diftindf hooks s were taken out of 

it both of the fame fhape, a fmall part of one of them is 

reprefented by fig; 100. each of them being fortified with 

faw-like teeth, and the dart fig; ror, was found to be 

only a fecond cafe or {heath for the two hooks, wherein 

* the 

* Phil, Tranf, No, 260. ^ Arc, Nat, Epift. 136. 
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the hollownefs'does plainly appear, which is filled with a 

corrofive water. The fly makes ufe of this auger to pre¬ 

pare a convenient lodgment for her eggs (and choofes 

thofe leaves that are moll ladeous and juicy) under the 

ikin of the leaf, from whence the worm upon gnawing 

the veffels for its fullenance, occafions the fap to flow out 

of them and to coagulate into that knotty fubftance. 

Mr. Leeuwenhoek took a lmall devouring worm from a 

larger' that lay dead by it, and put it upon a living one 

to which it immediately faftened, whilfl: the other at the 

fame time ufed all means, by bending, ftretching, coiv 

trailing, and winding its body, to free itfelf from this 

troublefome gueft, but in vain, the final! one Hill keeping 

its hold. 

Fig. 102. exhibits a tonnekin, which was a worm but 

the foregoing evening, and had caft o£F a very thin Ikin; 

this alfo confifted of feveral rin^s and circles as when in 

the worm ftate. The feet and joints thereof were very 

vifible ; A B and A C reprefents its two antennae j and 

although they were inclofed in a thin membrane, yet all 

the joints might be clearly feen. The change of this 

worm was fo fudden, that Mr. Leeuwenhoek was never 

able to fee it. 

Not only the willows and other trees, but plants alfo 

have cafes produced on their leaves, as nettles, ground 

ivy, &c. by the injedion of the eggs of an ichneumon 

fly. Thefe cafes are generally obferved to grow near to 

forne rib of the leaf, and their production thus. The 

parent in fed with its ftiff fetaceous tail, terebrates the 

rib of the leaf when tender, and makes way for its egg, 

into the very pith or heart thereof, and probably lays 

in therewith fome proper juice of its own body to pervert 

the regular vegetation of it. From this wound arifes a 

fmall excrefcence which (when the egg is hatched into a 

maggot) 
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maggot') grows bigger and bigger, as the maggot in- 

creafes, fwelling on each fide the leaf between the two 

membranes; and extending itfelf into the parenchymous 

part thereof, until it grows as big as two grains of wheat: 

in this cafe lies a very fmall white rough maggot, which 

turns into a beautiful green finall ichneumon fly. 

Of the crane-fly, or father long-legs; 

THIS little creature, though but feldom taken no¬ 

tice of, affords an agreeable variety of fubjedfe, 

when examined by the microfcope. It is produced from a 

worm hatched in an egg, depoiited by its parent under 

the grafs in meadows. 

Thefe worms are to be met with but in the hot weather 

upon the ground under the grafs in the meadows and 

fields. Fig. i£>3. reprefents one of them, which could 

.not be difcerned to change or increafe between the 

months of May and Auguftr. Fig. 104. fhews the worm 

changed into a nymph, and at its flrft coming forth, 

greatly agitated. Fig. 105. fhews the <caft-off fkin, which 

in its change the worm forfook, after which it took 

wing and flew away in the form of fig. 10.6. which re¬ 

prefents one of thefe male flies, as does fig. 107. alfo 

ihew the female. 

The tails both of the male and female are of a curious 

ffruffure, that of the female is fharp, and of the con- 

fiftence of bone, wherewith fhe perforates the ground, 

and depofites her eggs under the grafs in a moift place. 

This acute tail of the female is fhewn at N, fig. 107. 

which fhe can open into four diftindl parts s. Upon 

opening 

i Leeuwenhoek Ex. & ContSmp. p. 347* * Leeuwen'f 

hoek Ex. Sc Contemp. p. 34.9. 
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Opening one of thefe females Mr. Leeuwenhoek counted 

upwards of two hundred cgsjs of a blackiih colour and. 

ftnooth, like polifhed gkfs, and about twice as long as 

they were thick. The inteftines of this little creature are 

alfo very curious, which when opened with unfpeakabie 

admiration he faw them by the affiftanee of the microf- 

-cope, as plainly as the bowels in larger animals can be 

ieen by the naked eye. 

In the feet of this fly, if difle&ed in a drop of water 

upon a hollow glafs flip or Aider of the microfcope, the 

flefhy fibres may be feen to diftend and contra# them- 

felves in a moft furprifing manner, and to continue fo for 

the fpace of three or four minutes. The eggs alfo after 

diffedtion may be applied to the faid glafs, and eafily ex¬ 

amined by the microfcope, or on dipping the point of a 

very fine fewing needle (it being firft fixed in a wooden 

handle) into fome turpentine, and applying that to the 

eggs, they will be glued thereto. The needle itfelf mull 

be held between the nippers, and by its handle may be 

turned round at pleafure. 

It is very wonderful how fo fmall a creature as fome 

of thofe newly hatched maggots, that are found in the 

ends of blighted leaves, can be able to convolve the ftub- 

born leaf, and then bind it with the thread or web it 

weaves from its own body, alfo to line the infide of it 

with the fame, and Hop the two ends thereof to prevent 

its own falling out. 

In the bodies of many caterpillars, and other nymphs 

©f infe#s, are frequently found .generated great numbers 

of fmall flies, whofe parent animal had wounded the ca~' 

terpillar l, and darted its eggs into it and fo made it 

the fofter mother of its young. 

Some 
* Phy. Theo. p. 390. 
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Some Infects lay up their eggs in cl lifters, as in holes 

of flefti, and fuch places, where it is neceftary they fhould 

be crowded together, which without doubt contributes 

towards the hatching u. 

Other infeeds obferve great order in the difpofition of 

their eggs, which may be found upon the pofts and 

fides of windows, very neatly laid, being round and re- 

fembling fmall pearl, which eggs produce a fmall hairy 

caterpillar x. The white butterfly alfo lays its eggs on 

cabbage-leayes, and always glues one certain end of them 

to the leaf. If thefe eggs be applied to the microfcope, 

you will find them curioufly furrowed and handfomely 

adorned. 

The peafe ichneumon fly y is very fmall, its wings 

large, reaching beyond the podex ; antennae long, alvus 

Ihort, fhaped like an heart, with the point towards the 

anus; it walks and flies but flowly. No tail appears, 

but they have one concealed under the belly. 

Ichneumon properly fignifies the Egyptian rat z, which 

has its name from its hunting or tracing out the eggs 

of crocodiles and afps : a like obfervation. made by fome 

of the ancients on certain infers of the wafp-kind, occa¬ 

sioned the application of that name to wafps, as well as 

the Egyptian rat; there is but one paffage in all antiquity 

concerning thefe wafps, viz. in Ariftot. de Hift. Anim. 

Lib. 5. c. 20. which Pliny, Lib. 11. c. 21. hath rendered, 

thus, Vefpge Ichneumones vocantur (funtautem mino- 

res quam alias), unum genus ex aranes perimunt, pha- 

langium appellatum, & in nidos fuos ferunt, deinde 

iilinunt, & ex iis, incubando, fuum genus procreant;’’ 

that is, the wafp, called ichneumons, and which are frnal- 

ler than other wafps, kill a fpecies of fpiders, called pha-, 

langium, 

». Phy. Theo. p. 393. x Phy. Theo. p. 393. 7 Phy. 

Theo, p, 387, Phil, Tranf,. No, 77. 



Of Flies. 61 

langiam, and carry them to their nefts, after which they 

befmear them, and by incubation produce their own 

fpecies out of them. 

There is alfo a certain black and curious fly, whicjj 

proceeds from the gouty excrefcencies of the briar {talk % 

with red legs. Black, fmooth jointed antennae, large 

thorax, and belly in the lhape of an heart. It leaps like 

a flea. • 

The excrefcencies of the roots of cabbages, turneps* 

and divers other plants, have always a maggot in them, 

not yet fufficiently obferved. 

Caterpillars, and divers others infects, can emit threads 

or webs for their ufe. In this their nymph flate, they 

fecure themfelves from falling, by letting themfelves 

down from the boughs of trees, and other high places, 

with one of thefe threads, and fecure themfelves in their 

aurelia ftate, in cafes of their own weaving. 

Some of the fly tribe are alfo endowed with this tex- 

trine art, of thefe one fort fpins a long milk white Aiken 

web as big as the top of one’s finger, woven round bent 

ftalks of ribwort, &c. in meadows. The other is a lump 

of many yellow filken cafes flicking confufedly together 

on pofts, under coleworts, &c. thefe webs contain in 

them fmall whitifh maggots, which turn to a fmail black 

ichneumon fly, with long capillary antennae, tan-colour’d 

legs, long wdngs, reaching beyond their body with a 

black fpot near the middle, the alvus like an heart, and 

in fome a fmall fetaceous tail. Some of thefe flies are of 

a beautiful fhining green colour. The flies coming from 

thefe twro productions are nearly alike. 

Many of the ichneumon wafps b are remarkable for 

the nidification and provifion of their young. Thole 

which commonly have golden and black rings round 

their 
* fhy. Theo. p, 550, h Ibid, p. 228, 
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their alvi, line the cells they perforate in the earth, fay 

their eggs therein, and then carry into them maggots 

from the leaves of trees, and feal them up clofe and 

neatly ; thefe walps have their jaws not only very ftrong, 

1but nicely fixed, curved, and fet for gnawing, and fcrap- 

ing. Thofe little holes they perforate in the earth and 

wood, as well as the feveral parts of the wafp kfelf, are 

a pleafant objebt for the microfcope. 

The bearers of fruit-trees are full of afperities, and 

not fo fmoot’n on their bark as the other parts of the tree 

are. If after harveft, and any time in winter, you view 

thefe bearers in the microfcope, their cavities will be 

found to be full of eggs, of an oblong figure, and citron 

colour, efpecially in thofe years wherein the caterpillars G 

have been numerous. Out of thefe they are hatched in 

the fpring. The feafons which ufually deftroy them, 

are fuch as come in with early hears, before the coming 

out of the buds and blofloms, and on which a nipping 

frofty air enfues, which foon kills them. 

Of oak cones. 

THESE cones are, to appearance, perfectly like 

gems, only bigger, being nothing elfe than thefe 

increafed in bignefs, inftead of length. The caufe of this 

©bftruction in the vegetation is this; into the very heart 

of the young tender gem or bud, (which begins to be 

turgid in June, and to fhoot forwards the latter end of 

that month, and the beginning of the next) into this bud 

the parent infect thrufts one or more eggs, and perhaps 

not without fome venomous d ichon therewith; this egg 

foon becomes a maggot, and eats itfelf a little ceil in 

the 

c Phil. Tranf, Nc^ 237, 4 Phy, Theo. p, 397. 
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the very heart or pith of the gem, which is the rudiment 

©f the branch, together with its leaves and fruit. The 

branch being thus deferoyed,. or at kaft its vegetation ob~ 

ftru&ed, the fap that was to nourifh it is (diverted to the 

remaining parts of the bud, which are only the fcaly in¬ 

teguments, by this means growing large and flourilhing, 

becomes a covering to the infe£fc cafe, as before they wero 

to the tender branch and its appendage. 

The cafe lying within this cone, is at firfe but fmall, 

as rhe maggot included in it is, but by degrees, as the 

maggot increafeth, it alfo grows bigger, to the fize of a 

final 1 pea, long and round, in the ftiape of a long 

acron. 

The infedt produced from the cones, hath four mem¬ 

braneous wings, reaching a little beyond the belly, arti¬ 

culated horns, large thorax, belly fhort and conical, legs 

partly whitilh, partly black, of a beautiful Ihining green, 

in feme tending to a dark copper colour. 

The Aleppo galls, wherewith we make ink, are no 

other than cafes in which infefts breed, which when they 

come to maturity, gnaw their way out of them, which 

©ccafions thofe little holes obfervable in them e„ 

Of this fort alfo are the little fmooth cafes, about the 

fize of large pepper corns, which grow clofe to the ribs, 

under oaken leaves, at frrft of a biufhing red, afterwards 

growing brown, hollow within, but an hard thin {hell 

without, in which commonly lies a rough white maggot, 

afterwards transformed into a black ichneumon fly, 

that eats a little hole in the fide of the gall, and fa 

gets out. 

Some' of thefe balls are tender, as thofe of a vellowlfh 

green colour with a reddifh caft, about the fize of a fmail 

mulket 

f See Phil, Tranf. No. 245. 
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mufket bullet, growing clofe to the ribs, under oaken 

leaves, their fkin fmooth with frequent rifings therein; 

inwardly they are very foft and fpongy ; and in the very 

center is a cafe with a white maggot therein, which be¬ 

comes an ichneumon fly f. This gall is remarkable for 

the fly lying therein all the winter in its infantile ffate, 

and comes not to its maturity till the following fpring* 

In autumn and winter thofe balls fall down with their 

leaves to the ground, in which the inclofed infedt is 

fenced againft the winter frofts, partly by other leaves 

falling pretty thick upon them, and efpecially by paren- 

chymous fpongy walls, afforded by the galls them- 

felves. 

From the large oak balls, called oak apples, which 

grow in the place of the buds, out of thefe galls come 

another fpecies of black flies. 

The gouty excrefcencies in the body, and branches of 

the black-berry bufh, produce a fmall firming black 

ichneumon fly, about a tenth of an inch long, with red 

jointed horns, four wings, red legs, and a fhcrt belly. 

They hop like fleas. 

All thefe infects afford an entertaining and agreeable 

variety when viewed through a microfcope. 

f Phy. Theo. p. 409. 

Of 
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Of an infeffc found upon the leaves of fpices 

and in woods of feveral kinds. 

MR. Leeuwenhoek difcovered upon the leaves of 

fome white nutmegs, an animalcula or minute 

worm, which appeared to the naked eye of the fize of 

fig. 108. but is reprefented in fig. 109. as it appeared 

when placed before the microfcope. Its body was jointed 

In feveral places, and thickly fet with hairs; it had fix 

Ihort feet, which end with a Ihining nail, toothed like a 

faw, as at A, B, C, D 5 the hinder part of its body was 

very full of blood vefiels, as appears at E, F, G, H. At 

I K are two Chining horns jointed and befet with hairs. 

At L are reprefented its forceps, with which the worm 

eats its way into leaves or wood, &c. M N drew the 

two lefler horns which adorn the head of the worm. 

This worm after fome little time was changed into a fly¬ 

ing infe£l, as exhibited in fig. no. whereof L M, B N, 

are its two horns, which confided of divers joints and 

hairs, B L its eyes furniflied with a number of little 

lenfes, as the eye of the drone fly before defcribed-. It 

had alfo fix feet armed with talons, as before Chewn : 

thefe legs had feveral joints, and were covered with 

bridles or thorns; two of thefe feet and nails are Chewn 

by the letters C 0, DP. D E, and K I reprefents the 

two cafes or Chields under which the wings are folded. 

Thefe cafes are mod curioufly adorned with drait rows 

of rings throughout their whole length. The hinder 

part of its body is jointed as it were with hollow 

notches, much after the fame manner as the worm 

•from which it was produced. If the wing be confidered5 

it will be found to confid of feveral fmall vefiels or nerves 

F that 



that affift in the expanfion thereof. The exquifite neat-" 

nefs with which this minute wing was folded under the' 

•fhields, is furprizingly beautiful, as appears between G H. 

With what wonderful nerves muff thefe minute wings be' 

ftrengthned, that can enable this infedt. fo readily to fold' 

up the extremity of this filmy membrane in fo neat a 

manner, and to expand it again, as it were inftantane- 

oully, whenever it. is inclined to fly ? That the curious-' 

folding of thefe fort of wings might be comprehended,, 

Mr. Leeuwenhoek took off one of the fiielly cafes aneb 

placed the wing before the microfcope, which appeared 

as in'fig. in. QJS T V W X Y reprefent the wing as. 

it lay covered under its fhield. It was broadeft about V 

the fecond wing, which I fuppofe to be its ballance or 

poize, is fhewn at ST. The extremity W X.Y, fhews', 

thofe neat foldings before fpoken of, which* together 

with the ftrength of the nerves,: difeover the Almighty’s 

wifdom in their contrivance. 

I have found thefe infedt flies in fummer-time flying 

about my workfliop, and have obferved them to anfwer 

all the above defeription. They are fo fmall, that I 

have applied them to the microfcope in the ivory 

Aiders, but they are better feen when applied in the 

nippers. 

There is- likewife a fmall fcarab in the very tips of 

elm- leaves s. In the fummer many of thefe leaves may 

be of Cerved to be dry and withered, and alfo turgid, in 

which lies a dirty, whitifh, rough maggot, from which 

proceeds a beetle of the fmalleft kind, of a weefel-colour ; 

it leaps like a grafhopper, although its legs are but Ihort, 

black eyes, vaginae thin, and prettily furrowed, with fevera.l 

cavities3 fmall dubbed anteniue, and a long probofeis. 

The 

s Phy. Thee. p. 251-, 
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The fame, or one much like this is found on the tips 

©F oak and holly leaves. 

The horfe-fly is alfo a curious objedt; its eye is in the 

form of other flies, but is as it were indented all over 

with a pure emerald green, its body like filver in froft- 

work h, fringed all over with white filk. If the head of 

this fly be cut off juft at the fetting on of the neck, a 

pulling particle may be feen beating through the Ikin for 

half an hour together. 

The trunk or probolcis of a butterfly* which lies wound 

tip like an helix or fpiral fpring, gradually growing (lender 

as at fig. 113, fupplies the office both of mouth and 

tongue* it may with a pin be eafily drawn out to its full 

length, if it be cut off and laid upon the objedt carry¬ 

ing glafs* and fo applied to the microfcope you will 

fee it wind and coil^* itfelf up, and then to open 

itfelf again for a long time together, nature having made 

it of a fufficient length, that when extended it may reach 

into the hollows of flowers, and from thence extradt their 

dews and juices. It conftfts of two tubes near its ex¬ 

tremity* as reprefeiited at AC, fig. 113. the cavities of 

which unite at D, and from thence to the throat of the 

butterfly form but one channel k. Thefe tubular extre¬ 

mities are unfolded in the manner expreffed at B T N, 

fig. 114. in order to extract the dews, &c. from flowers; 

after which it is immediately drawn back and coiled up 

into an helix. M M, fig. 115. reprefents one of the ex¬ 

treme parts viewed with a greater magnifier, and deline¬ 

ated exactly in the manner as it is applied to leaves and 

flowers. Whence it appears, that it is not the extreme 

cad of the probofcis, which extracts the dews and juices; 

F 2 but 

h Power’s Micro. Obf. p. 7. * Ibid, p 8. k Micro, 

de Bonan. Pars 2. p. 48. 
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but feveral nipples D E F, that are applied to the legf 

A C, at the points i i i. 

In all grafhoppers there is a green film or plate (like 

a croflet) which covers the neck and fhoulders; if you. 

raife it up with a pin you may fee their heart heat 1 for 

a long time together. The grafhopper is beft held be¬ 

tween the nippers, and fo applied to the magnifier. 

There is a pretty object, which is a white oblong infect 

that Hicks to the back-fide of rofe-tree leaves m in Auguft, 

©f a perfedl white, it changes into a final] yellow locuft, 

with two W'hite wings longer than its body, and two 

pointers in the fnout like a pair of clofed compafles, and 

may be plainly feen when the fly is laid upon its back. 

Upon the backfide of the leaves of goofeberries, fweet 

briar, and golden moufe-ear in April and the beginning 

of May, is a greenifh grafhopper or locuft n, which is a 

pleafant objedl; when placed before the microfcope h 
hath two horns and four legs,, and two curious black 

eyes.. 

On f) camore leaves there is a yellow infedl which 

at firft hath no wings, but fix legs and two horns which 

are flit; it runs nimbly, the eyes are globular and red, 

pearled and prominent; near the fhoulders. are two flumps, 

whence two long wings come forth, when it changes into 

a fly or locuft, it confiits of annulary circles, and is hairy 

towards the tail. 

There is to be found a fin all long black infedl, creep¬ 

ing and leaping amongft pinks, gilly-flowers, rofe-leaves, 

&c. with a wafp-like body, with fix or feven annulary 

divifions ; two curious horns arifing from a black knob¬ 

bed root, two fine long yellow wings, black eyes, and 

fix black legs, they are killed with the leaft touch imagin¬ 

able ; 

1 Power’s Micro, p. 24. m Ibid, p, 27. Ibid. p. 2d. 

® Ibid. Micro. Obfi p. 32, 

o 
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able ;* their fize is lefs than that of a loufe p : they may 

be taken up with the point of a pin dipped in fpittle, 

and by that means placed, or as it were glewed to a 

very fmall bit of card, which may be applied to the 

microfcope in the nippers. And flronger infers may 

be fluck to a larger piece of card with a touch of 

turpentine, and applied to the magnifier in the nippers 

as before. 

On the froth, which hangs on the leaves of lavender, 

horfe-mint, rofemary, &c. q (by fome called cuckow- 

fpit) is always found a little infedl of a golden colour ; 

it hath fix legs, with two black claws at the end of each, 

which it can open and fhut at pleafure 3 its eyes are 

pearled and of a dufky red, a long reddifh probofcis is 

fituated between its fore legs 3 its tail had feveral annular 

divifions that ended in .a flump, which it could at pleafure 

thrufl out or draw back3 it firfl creeps, then leaps, and 

at lafl flies. 

The cow-lady, lad^-bird, or fpotted fcarabee, is a very 

nimble animal 3 cut off its head, and ere£l it perpendi¬ 

cularly upon the neck (which may be faflened to a bit 

of foft wax firfl fluck upon the point, or by a drop of 

gum-water upon a piece of card, which may be held in 

the nippers, and fb applied to the microfcope) and you 

will fee two fmall black eyes fet upon three white plates 

like polifhed ivory, two fmall ones on one fide, and a 

large one on the other5 pull off both the cruflaceous 

and filmy wings, which are a fence to a thin tender black 

fkin, under which the pulfation of the heart r may be 

feen to beat vigoroufly for twelve or fourteen hours, 

after the head and neck are feparated. 

F 3 There 

? Power’s p. 31. s Ibid, p, 28. r Ibid. p. 30. 
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There is a fly with grey and black ffreaks oa the 

Ihoulders % and chequered on the tail with the fame 

colours $ upon opening the female of this fly, which 

may be diftinguifhed by a rednefs on the extremity of 

the tail, you will find two bags of live white worms, 

long and round in fhape, with black heads, moving both 

on the hand and in the unopened veficles backwards and 

forwards, being difpofed in cells according to the length 

of the animal’s body* 

Of the cochineal fly. 

H E microfcope hath difcovered to us that cochi- 

JL neal, fo valuable for its ufe in dying erimfon, 

fcarlet, and. purple, is an infect bred upon the plant 

called prickly pear, or Indian fig *; and upon the leaves 

or twigs thereof are fmall knobs or protuberances, which 

produce little worms that in time become flies, refembling 

cow-ladies, or lady-birds; which, when arrived at their 

full growth, are taken by the inhabitants (of the iflands 

of Cuba, Hifpaniola and Jamaica, from whence it molt 

commonly comes) and expofed to the heat of the iun to 

dry, and rubbed between the hands till their wings, legs, 

&c, fall off, Upon fteeping fome of the grains of cochi¬ 

neal twenty-four hours in water, a trunk with fcales, 

and legs will appearj and if their bodies he opened, 

jnany eggs of different fizes may be alfo found. 

Fig. 116. reprefents a grain of cochineal j fig. 117, 

another giain, as it appeared through a microfcope, in 

which at the extreme parts C and E F, an orifice appears, 

from whence the firing was broken off, whereby both 

parts of the body were joined together. The concave 

arches 

6 Phil. Tranf. No. 72. i Phil. Tranfi. No. 292, 
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arches D G, &c. are not natural, but adventitious to the 

fame grain, proceeding only from the drying or fhrinking 

up of the great number of eggs that lie within the ani- 

malcula; for if the fame grain was well foaked in 

water, the concave parts would become convex. Fig. 118«, 

fhews an egg with its membrane, as it was taken out of 

,a grain of cochineal fteeped in rain water for abou£ 

twenty-four hours 4 in which might be feen the young 

one, and its fhell iurraunding it. L M N, fig. 119. re- 

prefents one of thefe unborn animalcula. Fig. 120. fhews 

the body of another animakul-um which was taken out'of 

the egg-lhell, in which not only the body was xliftindlly 

feen, but alfo the parts thereof divided into feveral circles, 

and likewife the two horns with the joints wherewith 

nature hath provided all thofe unborn animalcula, were 

plainly vifible when placed before the microicope. B H, 

£) I, and D K, ihew its four legs, the other two being 

.hid from the fight. F G reprefent the horns, at the ex* 

iremity of each of which aje three final! hairs.. 
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Of the death-watch, 

THERE are two kind of infers which make a re¬ 

gular clicking noife like the beats of a pocket 

watch; one of them called by Swammerdam, fcarabeus 

fonicephalus, and the other called by Mr. Qerham, pedi- 

culus pulfatorius. 

The firft of them is a fmall beetle, about five fixtenths 

of an inch in length u, of a dark brown colour, with 

fpots fomewhat lighter irregularly placed. It is repre- 

fented of its natural fize at fig. 121. Under its vaginae 

are pellucid wings, the head large, by reafon of a cap or 

helmet which covered it, only a little turned up at the 

ears; under this appeared its head, which was flat and 

thin, the eyes forward, the lips hard and fhining, the 

bars of the helmet greyifh ; two antennae proceeded from 

under the eyes, the head all hairy, and face thick of 

curled hair; on the belly was a little hair, but thinly fet; 

its eyes like thofe of a fly. Fig. 122. is a microfcopic 

picture of it; between the eyes the face rifes in a little 

ridge, which is the nofe; and juft below it the noftrils 

are covered with ftrait pendulous hair, the lip-fhades fhevv 

the more deprefled places ; under this lip are four vifible 

forceps, two on each fide to lay hold on its food. They 

make a noife juft like the beats of a pocket-watch, Mr. 

Derham has often caufed one of them to beat when he 

pleafed by imitating its beating, and this he kept in a 

little box about three weeks and imagines, that thefe 

pulfations is the way thefe infects woo each other, and 

invite to copulation and that it always draws back its 

mouth, and beats with its forehead *. 

The 

x Phil. Tranf. No, 271. » Phil. Tranf. No, 245, 



Of the Death-watch, 73 

The other death-watch is an infedfc different from the 

foregoing, that beats only about feven or eight ftrokes at 

a time, whereas the former will beat fome hours together 

without intermiffion, and its ftrokes flower, and like the 

beats of a watch. It is a fmail greyifh animal, much 

refembling a loufe; for which reafon it is called pedi- 

culus pulfatorius. It is very nimble, but extremely fhy 

when difturbed ; it will beat freely enough before you, 

and alfo anfwer you when you beat, if you can view it 

without giving it any difturbance, or fhaking the place 

whereon it lies. It is not certain whether they beat on 

any other thing but paper, their noife being heard only 

in or near it. 

Fig. 123. reprefents the fecond fort of death-watch 

as it appears to the naked eye. Fig. 124. fhews it a 

little magnified ; its fhape and colour is not much unlike 

a loufe; it is common in moft houfes in the warm 

months, but in the cold feafon of the year it hides itfelf 

in dry obfcure places, and is feldom feen; fome time 

after copulation, they lay their eggs in dry dufty places ; 

they are much more minute than the nits of lice, of a 

whitifh colour, and are hatched by the warmth of the 

approaching fpring, which to them is all the fame as an 

incubation : the infedt is fully hatched, and can creep 

about at the beginning of March, or fooner if the weather 

be warm ; at their firft quitting the egg-fhell, they are 

fo exceeding fmail, as fcarce to be difcerned, without the 

affiftance of a convex glafs : in this ftate Mr. Derham 

could find no other difference between them and mites in 

cheefe, when viewed with a microfcope that magnified 

much, but that mites had more briftles about the breech; 

in this fhape they continue fix weeks or two months, 

feeding on divers things they can meet with, after which 

they 

y Phil. Tranf. No. 291, 

r 
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they gradually increafe towards their more perfect Hate, 

when they become like the old ones. 

Mr. Derham has plainly {hewn, that their ticking 

noife is a wooing a£t, and that it is commonly about 

July 55; he never found them in coitu, till about a week 

or a fortnight after their ticking; though it is probable 

they copulate at that very time. He has feen the old 

death-Vatches feed upon dead infedts, as the young ones 

do, and alfo upon bifkets, tallow. Sec. nay dull: itfelf, 

and hath obferved them through a microfcope to felect 

feme grains thereof, and rej e£t others. 

Of a gnat. 

H E firft obfervable in the generation of this infedb, 

A is its vaft fpawn, fame of them being one inch and 

half long, and one eighth of an inch broad, floating in 

the water, but being made faft to fomething to prevent its 

being wafhed away; in this tranfparent fpawn the eggs are 

neatly depofited, in fome a Angle, in others a double fpiral 

line a, running from end to end, as in fig. 125 and 126. 

and in fome tranfverfly, as in fig. 127. 

When the eggs are by the heat of the fun, and warmth 

of the feafon, hatched into fmall maggots, thefe maggots 

defeend to the bottom ; and by means of fome cf the 

gelatine matter of the fpawn, which they take along 

with them, they (lick to ftones, and other bodies at the 

bottom, and there make ihemfelves little cafes or cells, 

which they creep into, and out of at pleafure, till they 

arrive at a more mature nymph Hate, and can Iwim 

japout here and there in queif of food j at which time 

a Phy, Theo. p» 394* * Phil. Tranf. No. 271. 
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Of a Gnat. 

they are a kind of red worms about half an inch long, 

but of the fhape of fig. 12.8. 

It has a very large head, in proportion to its body, 

which is all coyered with a fhell; feveral tufts of hair on 

Several parts, two horns, a large mouth, See. The form 

of the whole creature will be better perceived by a de¬ 

scription of fig. 128. the hinder part or belly confifts of 

eight feveral joints. From the midft of each of which, 

on either fide, iffue out three or four fmall briftles. The 

tail was divided into two parts, very different in make ; 

one of them A, had feveral tufts of hair or briftles, with 

which it could fteer itfelf as it pleafed, and was enabled 

to fwim about by curvations and flapping its body Side¬ 

ways, this way and that, and keep itfelf near the Surface 

of the water: the other part B appeared to be the ninth 

divifion of its body, and on each fide had many Angle 

hairs. From the part C to the head, appeared a darkifh 

coloured gut, through which the periftaltic motion was 

very difcernable. The cheft D E of this creature was 

thick and fhort, and fo transparent, that its white heart 

could be Seen to beat: its cheft was ftuck with Several 

tufts or briftles, and the head was alfo adorned with 

the Same5 it had two black eyes, and two Small horns 

F G. 

Both the motion and reft of this creature are Surprizing 

and pleafant. The tail Seems much lighter than the reft 

of its body; and being a little lighter than the water in 

which it floats, buoys it up to the top thereof, where it 

hangs fufpended with its head downwards j they lift theft- 

heads Sometimes into the air, at other times plunge them 

into the water, their tails all the while Aiding along its 

Surface, 

After having lived in this manner the time which 

proyidence has allotted them, a ftranger change fucceds 3 

they 
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they appear in form of fig. 129. and then they caft ofF 

their whole (kin, eyes, horns, and tails; and iflue forth 

as infers of a quite different element: the moft beautiful 

and elegant plumage adorns their heads; their limbs are 

of the finefl texture; their wings are curioufly fringed 

and ornamented ; their whole bodies are invefted with 

fcales and hair; and they are actuated by a furprizing 

agility; in fhort, they become gnats, and fpring into the 

air; and what is moft amazing, a creature, that but a 

minute fmce was an inhabitant of the water, would now 

be drowned if it were plunged therein. 

It is very probable, that many forts of the animalcules 

in fluids undergo fome fuch like change. 

Of the tufted, brufh-horned, or male gnat. 

IT S furprizing and particular beauties are only to be 

difcovered by the microfcope; and is exadtly of the 

ihape of one of thofe which Mr. Hook obferved to be 

generated out of one of the little watery infe&s juft 

defcribed. 

Nature has adorned it in a moft furprizing manner: 

its head A is exceeding fmall in proportion to its body, 

which confifts of two clufters of pearled eyes, fig. 130. 

curioufly ranged like thofe of other flies ; between which, 

upon two blackifh bails, are placed two long jointed 

horns D, tapering towards the top; from whence iffued 

out-in a circular manner, multitudes of fmall ftiff hairs 

from its feyeral joints, exa&ly refembling the fproutings 

of the herb horfe-tail. There are alfo two other jointed 

and biiflled horns or feelers D, and a probofcis F, 

underneath which is the fucker or fting, which in fome 

gnats is very long. This fmall head, with its appur- 

f tenances. 
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tenances, is joined by a fliort neck to the thorax G, 

which is large, and as it were cafed with a black fhell ; 

out of its under part proceeded fix long {lender legs H H, 

&c. much like thofe of other flies, but longer and 

flenderer, which are not expreffed in the figure, becaufe 

of their great length. From the upper part proceeds two 

long flender tranfparent wings, fhaped fomewhat like 

thofe of a fly ; underneath which, as is obfervable in 

many forts of flies, are placed two fmall bodies, which 

are its ballances or poifes. Its belly large, and extended 

into nine partitions, each being armed with rings of 

fhells; fix of which were fo tranfparent, that the periffal- 

tic motion was plainly vifible. A fmall clear white part 

at I, feemed to beat like the heart of a larger animal ; 

the three laft divifions of the tail were covered with 

opake {hells* 

Of the great bellyed or female gnat. 

Although this gnat, as reprefented in fig. 131, 

differs from the former in fhape, yet this fort alfo 

has been found to be generated out of the water infedt 

before defcribed : its wings were larger than thofe of the 

other; its belly bigger and {horter; its thorax not much 

unlike that of the other, having a ftrong rigid back piece 

and breaft plate; its head larger and neater fhaped ; the 

horns, that grew out of thofe- two little balls, which 

were between its eyes, was of a different fhape from the 

tufts of the other gnat; thefe having but a few knots or 

joints and a few fhort briftles ; the foremoft horns or 

feelers like thofe of the former. 

In different fpecies of gnats their wings are alfo dif¬ 

ferent , fome having a border of long feathers, others of 

{hu/t 
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fhort ones, and others none at all: the rib-work of the 

wings is feathered in fome and fcaled in others, and ir£ 

fome befet with prickles. 

Mr. Hook fuffered one of thefe gnats to pierce the fkin 

©f his hand, and thence to draw out its fill of blood, 

which made it appear very red and tranfparent, and this 

without any further pain, than whilft the fting was 

entering j a good argument that thefe creatures do not 

wound the fkin out of revenge, but for mere neeefiity to 

fatisfy their hunger. 

This piercer, fting, or fucker, as reprefented by F G 

H I, fig. 132. is a cafe covered with long fcales and 

hairs ; it lies concealed under the gnat’s throat, when 

not made ufe of; but when it is, the fide G H opens, 

and four darts are thruft out therefrom occafionally 3 one 

whereof H K (minute as it is) ferves for a cafe to the 

other three \ the fides of which towards the point K are 

barbed or indented. F I ftiew that part of the fting 

where it was cut off from the gnat’s throat. 

Fig. 133. reprefents part of the fecond fheath, whofe 

Tides near the top are barbed, but not here expreffed. 

This alfo opens fide-ways for a paffage to the three in¬ 

cluded firings. 

Fig. 134. ftiews all the parts of the flings wherein 

two of the interior ones might be feen barbed and in¬ 

dented towards the point j their finenefs is almoft in- 

expreflible, they have three fides, as reprefented in 

fig. 135, whofe edges feemed to join alternately (which 

when fo united referable a three edged fword,- or dagger. ) 

Fig. 136, fhews another part of one of thofe interior 

flings, which is remarkably fmall and fomewhat curved. 

Its top on the plain fide is fhewn at fig. 137. which top 

is reprefented in another pofition, fig. 138. A, and in the 

pofition of B its hooks might be feen. When thefe darts 

are 
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are thrufl into the flefh of animals either fucceflively or 

in conjunction, the blood and humours of the adjacent 

parts muff flow to, and caufe a tumour about the wound, 

whofe little orifice being clofed up by the compreflion of 

the external air can afford them no outlet. When a 

gnat finds any tender juicy fruits, or liquors, fne fucks 

up what fhe likes through the outer cafe, without ufing 

the darts at all; but if it is flefh, that refills her efforts, 

fhe flings very feverely, then fheaths her weapons in 

their fcabbard, and through them fucks up the juices 

lire finds therein. Upon diffedfion many curious things 

may be difcovered, viz. numberlefs animalcula in the 

femen of the male °, and in the female a furprizing 

quantity of eggs. 

There is a kind of gnat which lays its eggs frequently 

in dead beer, &c. and feme time after this the maggots 

are fo numerous, that the whole liquor feems to be alive, 

being full ot maggots 3 the larger fort being the offspring 

of this gnat c3 and the imaller that of a final! dark 

coloured Ay, tending to a reddifh colour, frequent in 

cellars and fuch obfcure places 3 they turn to aurelia, 

and the larger fort from that to a gnat of a brown colour. 

The chief difference between the male and the female is, 

that the male is leaff, hath a flenderer belly, and its podex 

not fo lharp as the female’s is. This gnat hath no fpear 

in its mouth. 

Thefe infedfs may be applied to the univerfal ipicrof- 

cope, by pinching them between the nippers, or flicking 

them upon the point 3 their ftings when cut off may be 

bell examined upon a glafs Aider when placed on the 

ifage. 

- Nat. Tom, iv, p. 22. c Phy, Theo. p. 386. 

Of 
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. Of the white feathered winged moth. 

IT appears to the naked eye to be a fmall milk-white 

fly with four wings, the two foremoft fomewhat longer 

than the hindermoft, and thefe about half an inch in 

length; each of thefe wings confifts of two feathers, as 

reprefented in fig. 839. very curioufly tufted or haired on 

each fide, with exceeding white but minute hairs; its 

whole body, legs, horns, and Aalks of the wings were 

covered-over with various kinds of white feathers, which 

rub off between the fingers when touched. Underneath 

thefe feathers this curious infedt was covered all over 

with a crufled fhell. It had alfo different feathers, that 

covered feveral parts of its body; the tufts or hairs of its 

wings, when viewed in the microfcope, appear as repre¬ 

fented in the fig. by D. The feathers which covered a 

part of its body, like A, conflfiing of a fialk and a 

feeming tuftednefs on each fide; others which covered 

fome parts of its body, and the ftalk of its wings much 

like fig. B, thofe which covered its horns and the fmaller 

parts of its legs, in the fhape of fig. C. Mr. Hook ob« 

ferved, that the fmooth winged infedfs have the firrongefl 

mufcies ; and even this very infedl had a very fmall body, 

if compared to the length and number of his wings; 

which therefore as he moved them very flowly, con- 

fequently moved them as weakly; which laft property is 

in fome meafure obfervable in the larger kind of flying 

creatures, as birds, Scc. So that by the afiiftance of the 

microfcope we find, that the wifdom and providence of 

the all-wife Creator, is no lefs fhewn in thofe defpicable 

creatures, flies, moths, &c, than in the larger parts 

of the creation. 

Thefe 
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Thefe little animals may be pinched in the nippers, 

or {hick upon the point, and fo applied to the micro- 

fcope; and its feathers may be placed between two 

Mufcovy talcs. 

Of the wolf, or fmall moth. 

THIS infedl is a little white worm, which infedh 

granaries and corn-chambers. In its perfedl (late 

it is really a moth, of the fize and form reprefented at 

fig. 140. it has four whitilh wings fpotted with black 

fpots. 

When in the reptile {late, it appears as reprefented 

under fig. 141. a magnified reprefenuation of which is 

feen at K L, the fore part of its body had fix feet, which 

were not difcernable till the worm was turned on his 

back, with its belly upwards 3 in this pofition part of its 

body is reprefented at MN, fig. 146. wherein its fix feet 

may be feen. As it creeps along, an exceeding fine thread 

or web iflues from its mouth, by which it hangs to every 

thing it touches, its mouth is armed with a pair of reddifh 

forceps, wherewith it gnaws its way, not only into wheat, 

and other grain, but even perforates into wood, and al - 

moil any thing it meets with. 

In thofe corn-chambers that are infefted with this 

vermin, they may be feen near the decline of the fummer, 

crawling up the walls in great numbers, fearching out for 

places where they may abide in fafety, during their 

aurelia ftate: for when the time of undergoing a change 

into that {late approaches, they forfake their food, and 

thofe little cells they had formed of hollowed grains of 

corn, clotted together by means of the web coming from 

their mouths 3 and wander about till they find fom-e 

G wooden 
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wooden beam, or other body to their mind, into whic&t 

they gnaw holes with their {harp fangs, capable of con¬ 

cealing them; and there envelope themfelves in a cover¬ 

ing of their own fpinning ; where they foon become me- 

tamorphofed into dark coloured aurelias d, and continue 

fo all the winter unadtive and harmlefs ; but about April 

or May, as the weather grows warm, they are trans¬ 

formed into moths of the kind before defcribed. Then 

are they to be feen in great numbers taking little flights, 

or creeping along the walls. In the fly-ftate they eat 

nothing, therefore are not mifchievous, but foon copulate 

and lay eggs, not larger than a grain of fand, in Ihape 

like thofe of an hen, each female fixty or feventy, which 

by means of a tube at the end of her tail, reprefented by 

tig. 142. as it appears in the microfcope, Ihe thrufcs or 

infmuates into the little wrinkles, hollows, or crevices of 

the corn , where in about fixteen days they hatch, and 

then the plague begins ; for the minute worms or mag¬ 

gots immediately perforate the grain where they are 

hatched upon, eat out the very heart of it, and with their 

v/ebs cement other grains thereto, w7hich they likewife 

fcoop out and devour, leaving nothing but hulk and duff, 

and fuch a quantity of their dung, as Ihewrs them to be 

more voracious infeeds than the weevil, hereafter to be 

defcribed. 

Thefe worms or maggots may be kept all the winter' 

in glafs tubes, that are flopped at each end with a corle 

and wax, having firft a bit of a very fmall glafs capil¬ 

lary tube, put through the cork to give them air. In 

this manner Mr. Leeuwenhoek confined fome of thefe 

moths with a few grains of corn, and faw them lay their 

eggs in the crevices of the corn ; alfo in this manner he 

obferved all the above particulars. 

Thefe 

4 Leeuwenhoek’s E.xp. & Contemp, EpifLyi. 
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Thefe little moths are covered all over with an in¬ 

finite number of little feathers joined to their wings, and 

other parts of their bodies by a quill, as thofe of birds 

are, but fo extremely different in fhape, that fcarce two 

of them can be found alike. Fig. 144. fhews three of 

the larger fort, fomewhat blackifh towards the top, but 

tranfparent near the ftalk. Fig. 143. fhews three others 

perfectly tranfparent, ten of the fmaller fort are exhibited 

in fig. 145. but all of them of a different fhape. Thefe 

feathers which compofe the borders of the wings, but 

efpecially thofe which grew upon that part of the wing 

which was near the body of the moth, -were alfo of dif¬ 

ferent fafhions, and much longer than the former. Five 

of this fort are fhewn in fig. 146. 

The methods of deftroying this vermin are, when they 

forfake their food, and afcend the walls, or when they 

appear in the moth flate; at both thefe “times they may 

be crufhed to death by clapping facks upon them: but 

they may flill be more effectually deffroyed by clofmg up 

all the doors and windows, and filling the corn-chambers 

with the fumes of brimftone e, by leaving it burning on 

a pan of charcoal, without giving it any vent for twenty- 

four hours : however, after that great care muff be taken 

to open them all again for fome hours, that the fumes 

may be entirely gone before any body enters. 

N, B. The fumes of the fulphur are not hurtful to the 

grain. 

The nymph of the cloaths moth, called by Mr. Hook, 

the filver coloured book-worm, is a curious object. It 

is' a fmall filver coloured fiiining worm, and is often 

found fcudding among books and papers. Fig. 14-7. re- 

prefents this worm as it appears in the microfcope, 

G 2 having 

* Leeuwenhoek’s Exp, & Contemp. Epiff 71. p. 246. 
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having 2 conical body, divided into fourteen iheliy parti¬ 

tions, each of which are covered with a multiplicity cC 

thin tranfparent fcales, which from their feveral refle&ing 

furfaces, make the whole animal appear of a perfect pearl 

colour : the fmall blunt head of this in fed: is furnifhed on 

either fide with a duller of eyes, (but fewer in number 

than thofe of other infeds) each of which was befet 

with a row of fmall briilles. It has two long horns A B, 

flrait and tapering towards the top, curiouily ringed and 

bridled, with a girdle of fmaller hairs at each ring, and 

feveral larger briilles here and there difperfed among 

them, alfo two fhorter horns or feelers C D, knotted and 

fringed like the former, but without briilles; its hinder 

part terminated in three tails, refembling the two long 

horns in every particular. It had fix legs fcaled and 

haired, which could not be reprefented in, this poiition. 

Thefe little nimble animals are beil applied to the microf- 

cope, upon a iingle piece of talc, or a thin dip of glafs, 

pinched in the nippers, having firil iluck them thereto 

with a flight touch of turpentine, or a drop of gum. 

water. 

Of 
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Of the Weevil. 

Of the weevil, or corn-beetle. 

IIS little infedt is fomewhat bigger than a large 

A loufe of the fcarab kind. It does much harm to 

many forts of grain, by eating into them, and devouring 

all their fubftance. As many people are unacquainted with 

the weevil, I have exhibited a picture of it, in fig. 148. 

of the full fize it appears of to the naked eye. It has 

two jointed horns, which are reprefented as they appear 

when viewed through a microfcope, at E, H, G, fig. 149, 

Its trunk at E D B, and its forceps or fharp teeth D, 

with which it gnaws its entrance into the heart of the 

grain, either for food, or to depofite its eggs. Between 

the forceps at D, appears a kind of fucker, with which 

it licks up the flower or duft of the grain. 

If fome of them are kept in glafs tubes, prepared as 

before defcribed, that the air may have a free paffage into 

them, with a few grains of wheat, their copulation may 

be difcovered, and alfo their manner of generation, which 

is thus performed f. The female perforates a grain of 

wheat, and therein depofites a Angle oblong eeg or two 

at the moft, and this fhe does to five or fix grains every 

day, for feveral days together; thefe eggs, which are 

not above the fize of a grain of fand, in about feven 

days produce an odd fort of white maggot, which 

wriggles its body very much, but is icarce able to move 

from place to place; the maggot turns into an aurelia, 

which in about fourteen days comes out a perfedf 
Weevil. 

f Leeuwenhoek’s Exp. of 6 Ang. to the Royal Society, 



S(5 Of the Flea, 

Of the ilea. 

HESE little creatures are a furprizmg object, 

JL when examined by the microfcope; they are male 

and female, and undergo the fame changes as the filk- 

worms do. They depofite their eggs, at the roots of the 

hair s of dogs, cats, and other animals, and by a glu¬ 

tinous matter ftick them fait thereto; one of thefe eggs 

is reprefented magnified in fig. 150, and at 151. the fame 

egg broken by the worm, fig. 152. hatched therein. 

This worm h contains the flea, and is compofed of feve- 

ral annular divifions, thinly fet with long hairs, having 

at its head two extremely minute horns at Aj thefe 

worms feed upon the juices of the body whereunto they 

clofeiy adhere. They are very nimble, but if difturbed, 

roll themfelves fuddenly into a round figure, and con¬ 

tinue motionlefs for fome time; after which they open 

themfelves by degrees, and crawl fwiftly away. They 

endeavour to conceal themfelves when their change 

draws nigh, eat nothing, lie quiet, and appear dying, 

but if placed before the microfcope, will be found with 

the web in their mouths, weaving a covering round 

them; the infide of which is perfedtly white, but its 

cutfide as it Were foiled with dirt. In this bag they put 

on the chryfalis, which is reprefented at fig. 153. diveiled 

of its vermicular ikin. About two or three days before 

they break forth from this confinement, their colour 

darkens, and as foon as they iffue from the bag, are per- 

fe£t fleas, and able to leap away. A microfcopic 

picture of a perfect flea is reprefented by fig. 158. 

It 

« Phil. Tranfi No, 249, h Arc, Nat. Tom. iv, 
Epift. 76. 
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It is all over adorned with a curioufly polifhed coat of 

armour, or hard Ihelly fcales, neatly jointed and folded 

over each other, and befet with long fpikes, almoft like 

porcupine’s quills : its neck bears Tome refemblance to a 

lobfter’s * tail: its head is adorned on either fide with a 

beautiful quick and round black eye; behind each of which 

appears a fmall cavity, in which moves a thin film, fet 

with fmall tranfparent hairs, which may probably be its 

ear k. From the fore part of its head, proceeds a pair of 

little jointed hairy horns, or feelers A B. Between thefe 

and its two fore legs C D, is fituated its piercer or fucker, 

that included a pair of darts, which after the piercer has 

made its entrance, are probably thruft farther into the 

flefti, to make the blood flow from the adjacent parts, 

that it may be fucked up; and feem to occaflon that 

round red fpot, with a hole in the center of it, which we 

commonly call a flea-bite. This piercer, its fheath 

opening fide ways, and the two lancets within it, are 

very difficult to be feen !, unlefs the two fore legs, be¬ 

tween which they are ufually folded in, and concealed 

from view, are cut off clofe to the head; for a flea rarely 

puts out its piercer, except at the time of feeding, but 

on the contrary keeps it clofely folded inwards; one 

way therefore of coming at it, is by cutting off the head 

flrfl:, and then the fore legs ; fince in the agonies of 

death, it may eaiily be managed and brought before the 

microfcope. But this requires a great deal of patience 

and dexterity. Therefore another more likely way to 

fucceed in this experiment, is, when the flea is juft dead, 

to take hold of its back -with a pair of nippers', and then 

apply it to the fixth magnifier ; and having a fmall fewing 

needle ready fixed in a handle, I have been able to prefs 

G 4 the 

1 Power’s Micro. Obf. p. 2. k Hook’s Micro. pVilo. 
1 Arc. Nat. Tom. iv. p. 332, Phil, Tranf, No. 249. I 
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the horns forward with the point of the needle* and its 

two fore legs nearer to the body ; and this whilft I was 

looking through the microfcope j by which means I could 

then exa&ly fee where to place the point of the needle, 

fo as to raife up the piercer in the fituation D E, as ex- 

prelTed in fig. 154. which reprefents a part of the flea’s 

head; and at the fame time 1 have opened the piercer, 

and feparated its two lancets, and this without cutting off 

any part of the flea, fig. 154. A B C are the two horns, 

and D E are the two fides of the piercer, which are 

partly hollow, that they may the better include the lancet, 

or dart, which in this figure appears to be but one, but 

if carefully feparated, will be found to confift of two 

parts, as in the next figure 155 5 whereof G H and G I 

reprefent as before the two parts of the piercer befet with 

feveral hairs, and G H fhews the two darts, but not 

feparated. At fig. 156. they may be feen afunder, where¬ 

of L O, L N, are the two hairy parts of the piercer be¬ 

fore fpoken of, and L M, O L P the darts; in L M may 

be feen the cavity, which includes or receives the other 

dart L P 5 when they are fhut up between the fleas fore 

legs, all the four make but one probofcis, 

Befides thefe two legs before fpoken of, which adhere 

to the head of this little creature, it has four others, which 

are joined to its breaft; thefe fix legs the flea ditches up 

altogether and when he leaps, fprings them all out at 

the fame inftant, and thereby exerts his whole ftrength 

at once, which carries him to a furprizing diftance, 

above hundred times its own length. Its legs have feveral 

hajry joints, which terminate in long hooked claws ; as 

In fig. 158. 

If the eggs of fleas be conftantly warm in one’s bofom 

(it has been obferved that) in the midfl: of fummer, they 

hatch in four days 5 then feed the maggots with dead 

flies. 
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Hies, which they greedily fuck. In eleven days they come 

to the full perfection of the reptile Itate, when the mag¬ 

got fpins its bag, and in four days more changes into a 

chryfalis; after lying in which condition nine days, it 

becomes a perfect flea. It is then immediately capable of 

coition, and in three or four days lays eggs; fo that in m 

twenty-eight days, a flea may come from its egg, and 

propagate its kind; and their vafl: increafe will not feem 

fo great a wonder if we confider, that from'March to 

.December there may be feven or eight generations of 

them; after having laid their eggs they foon die, as all 

creatures do that undergo fuch like changes. 

If you keep fleas in fuch a glafs tube,, as is before de- 

fcribed, fo as to admit frefli air, their feveral aCtions may 

be obferved, and particularly their way of coupling, which 

is performed tail to tail. The female (which is much the 

larger) Handing over the male: they will alfo be feen to 

lay their eggs, not all at once, but ten or twelve in a 

day for feveral days fucceflively 3 which eggs hatch in the 

fame order. 

A difle&ion of the flea may be effeCled in water, the R 

fiomach and bowels, with their periflraltic motion, may 

plainly be diflinguifhed, and alfo the teftes and penis, 

together with veins and arteries, minute beyond con¬ 

ception. Mr. Leeuwenhoek affirms, that he has likewife 

difcovered innumerable animalcules, fhaped like ferpents* 

in the femen mafculinum of a flea, 

** Arc, Nat, Tom. iv. p. 3z;. *» Ibid* P* 33£» 

Of 
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Of the Ionic. 

, H E tranfparency of its fkin enables us by the help 

A of the microfcope, to difcover the motion of the 

mufcles °, (which unite in an oblong dark fpot in the 

middle of its bread) as the loufe moves its legs; and alfo 

in the head, when the horns are moved, and in the feveral 

Articulations of its legs. The peridaltic motion of the 

inteftines is really furprizing, which is continued from 

the ftomach through the guts to the anus. The various 

ramifications of the veins and arteries, which are white, 

and a regular pulfe may be alfo difcerned. From its head 

proceeds two hairy horns B B, fig. 159. with four joints. 

Its two black eyes are fhewn at C C, fenced round with 

feveral fmall hairs; it has fix legs, covered with a very 

tranfparent {hell, and jointed exactly like a crab’s or 

lobder’s claws; each leg hath five joints with feveral 

fmall hairs interfperfed about them 5 at the end of each is 

two fharp hooked claws, as may be feen in the figure, 

unequal in length and fize 5 one of which refemhles that 

of an eagle, but the other of the fame foot P Hands dralt 

out, and is very fmall ; between thefe two is a raifed 

,jpart or knob, mod exquifitely contrived for performing 

thofe motions of walking and climbing up the hairs of 

the head; for when it walks, by having the leffer claw 

G fet fo much fhort of the bigger H, that the former 

does not touch, and by means of the fmall joints in the 

latter, it is able to bend it round, and fo with both claws 

to grafp and hold fad the hairs q. From its fnout at the 

hole D, when the loufe is going to feed, it pufhe-s out a 

pointed 

0 JPlfih Tranf. No. 284. p Ibid. No. 94. ? Hook’s 

Micro, p. 212. 
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pointed part, which is reprefented at dg. 157. whereof 

JL O P is the fnout part of the Ioufe’s head. At O is 

the nipple, from whence the (heath, or cafe M, and 

from within this alfo, the piercer r or fucker N is pudied 

out; at N, its point is fomewhat cleft. Thefe are thrud 

into the (kin to draw out the blood and humours it feeds 
i 

on; for Mr. Hook placed a loufe upon the back of his 

hand that had been fading two or three days, which im¬ 

mediately thrud its fucker into the (kin, and he could 

plainly fee a finall current of blood come diredtly from 

its fnout in a fine.dream to the fore part of the head, 

and then to fall into a roundifh cavity ; it pafles again 

in a like dream to another circular receptacle in the 

middle of the head at A, from thence through a fmaller 

yefiel to the bread ; and then to a gut that reaches to 

the hinder part of the body, where in a curve it turns a 

little upwards. In the bread and gut the blood without 

infermiflxon is moved with great force, and in the gut 

with fuch a drong propulfion downwards, and fuch a 

contradtion of the gut as is furprizing. In the upper 

part of the crooked afcending gut the propelled blood 

dands dill, and feems to undergo a feparation s; part of 

it becoming clear and waterifh, while certain little black 

particles pafs downwards to the anus. The thorax is 

cafed with a tranfparent horny fubdance, through which 

the blood was varioudy didributed ; and at I, appeared a 

pretty big white fubdance ; many very fmall milk-white f 

veflels were difcernable between its legs, out of which 

on either fide were many minute branchings. The belly 

is covered with a thin tranfparent (kin; at the upper end 

of this its domach K K is placed, and the white fpot L; 

at 

1 Leeuwenhoek’s Exp. & Con. p. 35a. s Phil. Tranf. 

No. 102. * Hook’s Micro, p. 213. 
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at the extremity of the tail are two femieircular parts 

covered all over with hair. 

Place a loufe on its back and two darkifh bloody fpots 

will appear: the larger in the middle of the body, and 

the leffer towards the tail. In the larger fpot a white 

Him ’J or bladder contra&s, and dilates upwards and 

downwards from the head towards the tail $ the pulfe of 

which is followed by a pulfe of the dark bloody fpot, in 

or over which the white bladder feems to lie. This 

motion of fyflole and diaftole is feen belt when the loufe 

is grown weak 5 the white pulfing bladder feems to be 

the heart, for on pricking it the loufe inflantly dies. The 

lower darkifh fpot is thought to be the excrement in 

the guts. 

The males have flings x in their tails, the females 

none : the females lay eggs or nits, from whence lice are 

produced perfect in all their members, and undergo no 

farther change. 

Mr. Leeuwenhoek obferved that in fix days one of 

them had laid fifty eggs, and differing it, he faw as 

many more in the ovary; concluding from thence that it 

would have laid an hundred eggs in twelve days. Thefe 

eggs hatched in fix days, would probably produce fifty 

males and as many females ; and thefe females coming to 

their full growth in eighteen days, might in twelve days 

more probably lay an hundred eggs alfo, which eggs 

In fix days farther, the time required to hatch them, might 

produce a young brood of five thoufand ; fo that in eight 

weeks a loufe may fee five thoufand y of its own de¬ 

fendants* 

Upon 

“ Power’s Micro. Obf. p. 9. x Arc. Nat. Tom. ii. p. 77. 

v Ibid. p. 77. * Arc. Nat, Tom. i. p. 78, 
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Upon an oblong flip of glafs, a loufe may be 

eafily diffedled in a fmall drop of water and applied to 

the microfcope ; thus five or fix eggs ready to be laid may 

be found in the ovary of a female, with many others of a 

lefs fize. In the male the penis is remarkable, and alfo 

the tefles, whereof it has a double pair* The females 

appear very white if falling, and even when fed are lefs 

red than the males. 

The vermin adhering to and feeding on the bodies of 

different animals, are commonly called lice. 

Infects are infedted with vermin that feed a on and 

torment them ; feveral beetles have lice on them. 

The earwig is troubled with minute infects, which 

flick like lice on the feveral parts of the body, efpecially 

under the fetting on of its head. They are white like 

mites, but finaller$ are round backed, flat bellied, long 

legged, efpecially the two fore moll; the fame has not 

been obferved on any other animal. 

Snails of all kinds have infedls feeding on them. Small 

red lice are frequently to be feen about the legs of 

fpiders. 

"White lice are commonly found on humble-bees, on 

ants, on fifhes, &c. and probably very few creatures are 

free from them. 

The polipe alfo is not exempt from vermin of this 

fort. 

There is another fort of loufe found about unclean 

people, called a crab-loufe. 

Seignior Redi at the end of his treatife De Generations 

Infedlo, hath obliged us with microfcopic drawings of 

feveral forts of lice, that feed upon the bodies of different 

animals, to which I refer the reader. 

* Phil. Tvanf. No. 2&S. 

In 
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In the hawk and turkey hen he obferved three forts,, 

four in the wild duck, in the wild goofe, fwan, keftrel,. 

and plover two ; yet there are feveral forts of birds which 

have either the lame fort of lice, or fome nearly like 

them. The keftrel hath a fort of lice differing only in. 

colour from thofe of the raven j and the raven others, 

like thofe found upon the egret: on the wood-pecker and 

chafinch are fome refembling thofe of the darling; on 

the large wild duck are fome much like thofe of the wild 

goofe. It is alfo obfervable, that the bignefs of each 

bird’s lice bears no adequate proportion to the bignefs of 

the birds they are found upon; but that on the largeft 

birds both large and fmall lice of different kinds may be. 

found ; for on the black- bird hath been feen fome as large 

as thofe on the fwan. 

There is alfo a little animal in lhape and colour like a> 

Joufe, commonly found among the leaves and covers of 

books, and in rotten wood it has a fwift motion and 

runs by ftarts $ it is called a wood-loufe b or wood-mite. 

If this animal be ftuck upon the point of a very fine 

fewing needle with a little turpentine, it will be found a 

very curious object j its whole body being cafed in an¬ 

nulary circles, full of filver hairs, efpecially towards the 

tail, with fix legs, that terminate in two talons; it hath 

two horns, but pointing backwards; its eyes are of a 

golden colour, and pufhed out or drawn in at pleafure * 

it hath alfo two pointers before like a pair of pincers. 

b Power’s Micro. Obf. p. 10. 

Of 
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6 

Of mites. 

THEY are crufiaceous animals, having a fmall head 

in proportion to their bodies, a lharp fnout and 

mouth like that of a mole c, when open it appears red ; 

they have two little eyes, fome have fix legs, others eight, 

each of which terminate in two hooked claws : the divi- 

fions of the head, neck, and body are eafily difcernabie by 

the microfcope ; the hinder part of its body is plump, 

and of an oval form, with a few exceeding fmall hairs 

ifluing therefrom, and from other parts of its body alfo. 

The female lays eggs, the young ones iffue forth with all 

their members perfedf, though extremely minute; they 

call their fkins feveral times before they attain their full 

growth. 

Fig. 106. reprefents one of the mites in cheefe ; itss 

head is feen at A, and exactly anfwers the defcription 

before given. One of a mite’s eggs is feen at fig, 

165. 

They may be kept alive many months between two 

concave glaffes, and applied at pleafure to the microfcope, 

by often looking at them they may frequently be feen in 

coitu d, conjoined tail to tail, for though the penis of 

the male be in the middle of the belly, it turns backwards 

like the rhinoceros. The coitus is performed with an 

incredible fwift motion. In warm weather their ep-p-s 
CO 

hatch in twelve or fourteen days 5 but in winter-time and 
a 

cold weather not under feveral weeks: the young ones 

may be frequently feen near a day Itruggling to get clear 

of their egg-fhell. 

c Power’s Mic. Obf. p. 16. d Arc. Nat. Torn, iv, p. 360, 
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Of the wandering mite. 

THESE creatures appear to the naked eye to be 

a kind of black mite, though much nimbler and 

ftronger than the cheefe mites, but on viewing them in 

the microfcope, they will be found to be a very fine 

cruftaceous infecft, like fig. 161. with a protuberant oval 

fhell indented with feveral fmall pits, covered all over 

with white briftles; they have eight legs, each of them 

furniftied with a fharp claw at the end. The thorax was 

covered by two fhells, its fnout taper with a, knobbed 

ridge e running along the middle of it; juft over each 

of its eyes arofe two very long and ftrong briftles, its 

eyes black and fmooth like thofe of bigger infedts. Thefe 

mites are to be met with on almoft any fubftance where 

they can get food. 

Another fort of mite as delineated by Dr. Hook, is 

reprefented in fig. 162, covered with a curioufly polifhed 

fhell, which refle&ed the light from all fides. 

Thefe creatures are very much diverfified in fhape and 

colour, and in feveral other circumftances, according to 

the nature of the fubftance out of which they feem to 

be fed f, being in one longer, in another rounder, in 

fome more hairy, in'others fmoother, in this nimble, in 

that flow, here pale .and whiter, there browner, blacker, 

or more tranfparent. They are to be met with almoft 

on all kinds of fubftances that are mouldy or putri- 

fyirig, in oatmeal, and in malt-duft; there are mites 

bred among figs s, in hay, and in the powder that falls 

off dried roots h. They are voracious animals, and devour 

» not 

e Hook’s Micro, p 206. f Ibid. p. 214. 

T^ranf, No. 333. h Power’s Micro. Obf. p. 18. 

s Phil, 
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not only cheefe, but alfo all forts of dried flefh, filh, 

fruits, and grain, and almoft every thing befides that has 

a certain degree of moifture, without being over-wet. 

Fig. 164. reprefents a fmall hair of a mite as delineated 

by Mr. Leeuwenhoek, which a certain gentleman com¬ 

pared to an Indian or Japan cane \ with feveral joints, 

and faid it appeared to him through the microfcope as 

if (harp twigs were fprouting out of each joint. And 

fig. 163. reprefents another hair or brittle of a mite mag¬ 

nified, which was fpicated, or bearded like, the ear on 

the feed-beard of fome grafs. Every brittle on its body 

and legs had the fame formation; yet all mites are not 

lb 3 for of feven or eight which were inclofed together, 

but one of them was found whofe briftles were all of this 

make, in the reft the horns only were fpicated. 

Their mouths open horizontally to the right and left. 

Tike that of a wafp; feveral of them being fhut up to¬ 

gether without food for fome days, fome were found 

dead, and the furvivors preying on them; by which 

means their manner of feeding k was obferved, which is 

very remarkable 5 for they thrutt one mandible forwards, 

and draw the other backwards at the fame time, and thus 

they do alternately j fo that they feem to grind their food. 

After feeding they munch or chew the cud. 

Mr. Leeuwenhoek hath obferved'that mites in cheefe 

turn into aurelias, and from thence to flies $ when they 

turn into aurelias 1 they are inclofed in a thin tranfparent 

membrane, which in fome meafure fcreens them from the 

intuits of the maggots that fwarm in cheefes. He alfo 

obferved fome of the flies produced from thefe cheefe- 

worms, that he kept in a glafs tube in which he had put 

H cheefe 

1 Power’s Micro. No. 333. k Ibid. No. 2S4. 

No. 202.' 
1 Ibid. 
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cheefe for them to feed upon, had coupled j and foo 

after laid eggs of an oblong figure, and then died : from 

thefe eggs came young worms, which alfo fed on the 

cheefe, and when he judged them to be at their full 

growth, and the weather began to be cold, he took fix 

of the biggeft, and carried them about him; and a few 

days after he obferved that four of them were changed 

into aurelias, that two worms were dead, and two flies 

fkipping about the glafs ; he repeated the fame thing in 

January, and with the like fuccefs ; when he kept them 

in the cold, little or no fign of life or motion appeared; 

but as foon as he put them into his pocket, they were as 

brifk as in fummer. Upon opening an aurelia that had 

never produced a fly, a dead one was found within it, 

which had been making its efforts to get out, but was 

not ftrong enough to effect it. 

Thefe vermin creep into the cabinets of the curious, 

and deftroy their choice collections of infers: but to 

prevent this, keep in your drawers, &c. a continual fupply 

of camphire, whofe hot and dry effluvia will penetrate, 

fhrivel up, and deftroy the tender bodies of thefe little 

mifchievous plunderers. 

Of 
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Of a crab-like infe£L 

THIS infed is about the bignefs of a large mite, 

and of a very curious form, as delineated in fig„ 

167; it had ten legs, eight of which a a a a terminated 

in very fharp but double hooked daws, being thofe it 

walked upon, which were fhaped much like thofe of a 

crab : the two other claws A A, that were the foremoft 

of all the ten, feemed to branch out from its head, and 

were exa&ly formed like crabs, or lobfters claws, as are 

cxprelfed in the figure, whofe ends terminated in a pair 

of pincers, (with which I have often feen him ftroke 

thofe other claws E E) which grew out of his fnout; in 

walking the creature elevated the former above its head 

and body; its eyes were fituated about d d, its head was 

covered with a kind of fcaly n ihell at F, its thorax G G 

with two fmooth fcales, and its back with eight knobbed 

ones H H. Thefe infe&s are frequently to be met with 

amongft books and papers that come from China, when 

firft unpacked. 

® Hook’s Micro, p. 20?, 

* 

H 2 Of 



IOO Of the Semen Mafculinum, 

Of the femen mafculinum. 

SPONTANEOUS generation is a do&rme fo ge¬ 

nerally exploded, that a difproof of it is altogether 

needlefs in this place, it being put beyond all difpute 

that all animals and vegetables owe their produ&ion to 

parent animals and vegetables ; and that animals are from 

animalcula °. Thefe animalcula being originally in the 

lemen of the male, and not in the female; therefore can 

never come forward or be formed into animals of their 

refpedtive kinds, without the ova in the female p. 

By the affiftance of a good microfcope, myriads of 

animalcules may be difcovered in the femen mafculinum 

.of animals, alive and vigorous; though fo exceedingly 

minute, that it has been computed 3,000,000,000 of 

them are not equal to a grain q of fand. 

The general appearance of the animalcules in the 

femen mafculinum of different creatures is very much the 

fame, that is, their bodies all feem to he of an oval form* 

with long tapering {lender tails iffuing therefrom, fome- 

what refembhng tadpoles: though their tails in propor¬ 

tion to their bodies are much longer than thofe of tad¬ 

poles. And the animalcules in the femen of Mies have 

tails {fill longer and {lenderer than either, infomuch that 

the extremity of them is rarely to be difcerned. Their 

general appearance as above defcribed is {hewn fig. 187. 

Mr. Leeuwenhoek, upon viewing the milt of a cod 

filh 1 with a microfcope, obferved therein fuch prodigious 

itumbers of living animalcula, with long tails incelfantly 

moving^ 

• Phil. Tranf, No. 192: F Vide Harris's Lex. Tech, 

ynder the word Generation. Vide Keii’s. Anat. p., 116.. 

* Phy, Collcdlions, No, 1. p. 3. 
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moving to and fro, (he obferved the fame thing In the 

milts of pikes or jacks) that according to his computation 

10,000 of them might be contained in the quantity of 

one grain of fand *. Whence he argues, that there are 

more living animalcula in the milt of one cod-fifh, than 

there are people alive upon the face of the whole earth, 

at one and the fame time. He computes one hundred 

grains of fand to make the diameter of an inch, then a 

cubic inch will contain a million of fuch fands. And as 

he found the milt of the cod-fifh to contain fifteen inches, 

it mull contain fifteen millions of quantities as big as a 

grain of fand ; and if each of thefe quantities contain 

10,000 animalcules, the whole muft contain one hundred 

and fifty thoufand millions. Then to calculate the num¬ 

ber of people, he reckons a great circle to contain 5,400 

Dutch fquare miles : whence he calculates the earth's 

furface to contain 9,276,218 fuch fquare miles: and fup- 

pofing one third of the whole or 3,092,072 miles to be 

dry land ; and of this two thirds or 2,061,382 miles to 

be inhabited. And fuppofes farther, that Holland and 

Weft-Frizeland are twenty-two miles long, and feven 

broad, which makes 154 fquare miles: the habitable part 

of the world is then 135385 times the bignefs of thofe 

places. 

If the people in thefe two provinces are fuppofed a 

million, and that all the other parts of the world are as 

populous as thefe, which is improbable, there would be 

*35385 millions of people on the face of the whole earth: 

but the milt of this fifh contained 150,00© millions of 

animalcules, which is ten times more than the number 
of mankind. 

The feminal vefTels of a cock 1 being opened, and a 

fmall drop of the femen fqueezed out, and applied to the 

H 3 microfcope, 

* Arc. Nat. Tom. i. Part ii. p. 9. t p^U. Tranf. No. 279, 
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microfcope, great numbers of animals were feen fwim- 

ming therein in legions, and crofting one another like 

clouds in a ftormy day, as brifk as if the cock was qewly 

dead u, although it was killed the day before; they appear 

as at fig. 168. if viewed with due attention, and with the 

greateft magnifiers, otherwife only in the form of eels. 

Mr. Leeuwenhoek, in the fpring- time, when the frogs 

engender, opened the tefticles of the male x, and on ap^ 

plying fome of the feminal matter to the microfcope, 

multitudes of animalcules appeared therein, about one 

thoufandth part of the thicknefs of a human hair; and 

there feemed to be ten thoufand of them at leaft to each 

one of the female ova; their form is as reprefented ia 

fig. 169. 

Mr. Leeuwenhoek’s method of computing the fize of 

animalcules was this, he placed an hair y of his head 

near them, which hair appeared an inch in breadth ; and 

being fatisfied that fixty of the animalcules could lie 

within that diameter; whence their bodies being fphe- 

lical, 216,000 of them are but equal to a globe, whofe 

diameter is no more than the breadth of fuch an hair. 

Another method of his alfo follows. 

He firft fuppofed a drop of water equal to a pea; then 

took a little quantity of water, of a round figure, as big 

as a millet grain; and reckoned this to be one ninety-one 

part of a pea z; for when the axis of a millet feed makes 

one, that of a pea will make four and half, whence it 

follows, that the feed of a millet is at leaft the one ninety- 

one part of a pea; this fmall quantity of water he put 

into a very flender glafs tube, dividing by this means that 

little water into twenty-five or thirty parts, and found 

more 

111 Arc. Nat. Tom. ii. Part. ii. p. 369. x Arc. Nat. 

Tom. i Part. i. p. 51. y Phil. Tranf. No. 270. z Ibid, 

No. 131. 
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more than an hundred animalcula in the one thirtieth part 

of water, equalling the bignefs of a millet feed. Whence 

it appears, that if one thoufand are to be feen in the one 

thirtieth part of a millet feed, there may be feen thirty 

thoufand in one fuch whole feed; and confequently in a 

drop of water ninety-one times bigger, there may be feen 

25730,000. Befides he compared the water to the bulk 

of a grain of fand; that if the axis of a grain of fand be 

one, that of a drop of w&ter is at leaft ten, confequently a 

drop one thoufand times bigger than that grain of fand, and 

therefore there are 1,000,000 of animalcula in one drop 

of water, at the rate of one thoufand little animals in that 

quantity of water. 

8 In the fame manner he alfo computed that 4,096,000 

eggs were in the roe of a crab. Each of which received 

its nourifhment by a firing from the crab’s body. 

To view the animalcules in the milt or foft roes of 

fifhes, fqueeze out a little of it, and putting the quantity 

of a pin’s head upon a glafs, dilute it with river or 

rain-water, till they have fufficient room to fwim freely 

about, and fhew themfelves to advantage. 

N. B. the eggs b in the roe and animalcules in the 

milt of fifhes of one year old, are as large as in thofe of 

the fame fpecies of twenty years old. 

Some of the feminal matter taken from the tefticles of 

a dog c, abounded with animalcules in form of fig. 170. 

and feme of them remained alive after having been kept 

feven d days in a glafs tube. 

The teftreies of a hare, although four days e dead, 

were found to be exceeding full of animalcules, like 

H 4 thofe 

a Arc. Nat. Tom. i. Part ii. p. 339' b Ibid. Tom. iii. 
p xtiS. c Ibid. Tom. i. Part. ii. p. 160. Ibid, p.150, 
and 49. e Ibid. Tom. i. Part ii. p, 160. 
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thofe m dogs, fwimming in a clear liquor, but without 

motion. 

A female rabbit- being killed immediately after the 

coitus, and the uterus opened, innumerable quantities of 

animalcules were found in a frnall drop taken from the 

mouth of the fallopian tube, where it opens into the 

matrix; but none were difcerned in the uterus itfelf, or 

farther along the tube ; they had long tails, and moftly f 

fix tranfparent globules appeared on the body of each, as 

in fig. 171. A; though fome had only one globule at 

the end of the body, and another in the tail, as fig. 

171. B. 
A buck being killed in rutting-time, the vafa deferentia 

Were found turgid, and full of a milky fluid, a drop of 

■which diluted with a drop of warm water, .juft enough to 

change its colour, and then applied before the mi- 

crofcope, appeared full of animalcules moving very - 

brifkly 

A drop of the feminal matter taken from the teflicles 

t)f a ram, flowed with animalcules in as great numbers as 

that of other creatures; but with this difference, that they 

fwam in droves together the fame way, and feemed to 

follow their leader b as fheep do. Mr. Leeuwenhoek found 

fo much pleafure in this obfervation, that he called in 
fome neighbours to fhare it with him. 

This ingenious enquirer after nature, opened the 

uterus of an ewe, about feventeen days after fhe had 

been coupled with a ram; and in one of the cornea ob- 

ferved a little reddifh flefhy fubftance, wherein no fhape 

Could be difiinguifhed, which he extended very gently 

out of the round in which it lay, and could plainly per¬ 

ceive 

* Arc. Nat. Tom.L Part ii. p. 168. s Phil. Tranf. No*' 
a 84. £ Leeuwenhoek’s Epiil. Phy. p, 388, 
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ceive the formation of all the vertebrae, with the blood- - 

veffels and ramifications palling over them, and could 

fee the fpinal marrow in two places *, and diftinguifhed 

not only the head, but alfo the mouth, brain, and eyes, 

the bignefs of two grains of fand, and clear as cryflal ; 

he likewife faw the ribs and inteflines, though the whole 

creature was no longer than the eighth part of a pea. 

After which he opened the uterus of another ewe k, three 

days from the coitus, and fearching the liquor coming 

therefrom with a magnifying glafs, obferved a little par¬ 

ticle the fize of a grain of fand; and examined it with a 

very good microfcope, and with great pleafure found it 

to be an exceeding minute lamb, lying round in its in¬ 

teguments, and could plainly difcern its mouth and eyes. 

The human femen has alfo been viewed by the mi¬ 

crofcope, and found to be as plentifully flocked with 

animalcules, as that of other animals: Mr. Leeuwen¬ 

hoek has feen more than ten thoufand living creatures 

moving in a quantity of the fluid part thereof, no bigger 

than a grain of fand : and in the thicker parts, they 

were fo thronged together, that they could not move for 

one another; their fize was fmaller than the red globules 

of the blood, and even lefs than a millionth part of a 

grain of 1 fand, their bodies roundifh and fiat before, as 

in fig. 172. but ending fharp behind. Their tails are 

exceedingly tranfparent, and five times longer, and fien- 

derer than their bodies. They move by the agitations 

of their tails in various windings, after the manner that 

eels fwim. 

The m animalcules in the femen mafculinum of all 

creatures differ but little in fhape or bignefs, for which 

reafon 

5 Arc. Nat. Tom.i. Part ii. p. 164. k Ibid. p. 173. 
* Arc. Nat. Tom. ii. Part ii. p. 61, q6, 286. m Ibid, 
i om. lv. p. 3O0 
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reafon it follows, that the animalcules may be difcovered 

sn the femen of the fmalleft birds, quadrupeds, and 

iifhes ; nay, and even in infers to. For Mr. Leeuwen¬ 

hoek affirms, that he found in the white matter he had 

fometimes fqueezed from the hinder parts of male A 

fpiders, a prodigious number of ani-rj,lcules. He found 

them alfo in the femen of the 0 dormoufe, in p oyfters, 

in * filkworms, in the r labella minima, or fmall dragon 

fly, the common * fly, in the male 1 flea, in u gnats, 

and many other infedls x. 

It is obfervable that amongft the many fpeeies of ani¬ 

malcules found in waters, and other infuflons, th$re are 

none like thofe in femine; but that thefe laft, in all forts 

Of creatures, have a general likenefs to each other, and 

appear in continual motion without any intermiffion, if 

the fluid be but fufficient for them to fwim in. 

It is farther obfervable, that no animalcules can be 

found in the blood, fpittle, urine, gall, chyle, or any 

other of the humours, except the femen only. 

* Phil. Tranf. No. 279. 0 Arc. Nat. Tom. i. Part ii. 
p. 27. p Ibid. Tom.ii. Parti, p. 144. 1 Ibid. Part ii. 
p.442. r Ibid. Tom. iv. p. 19. s Ibid. * Ibid. 
J>, 20. 8 Ibid. p. 22, * Ibid. p. 294. 
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\ 

Of the ovfter. 
* 

MANY little round living animalcules have been 

found in the clear liquor of an oyfter fuppofed 

to be the animalcules in the roe or femen. 

Mr. Leeuwenhoek opened an oyfter on the fourth of 

Auguft, (which is the time that oyfters are fuppofed to 

breed) and took out of it a prodigious number of minute 

oyfters, all alive and fwimming brifkly in the liquor, by 

the means of exceeding fmall organs, extending a little 

way beyond their fhells, which he calls their beards; in 

thefe he could diftinguifh the joining of the fhells, and 

perceived fome that were dead, with their fhells gaping, 

and as like large oyfters in form as one egg is like 

another. 

Upon opening a female oyfter, incredible multitudes 

of minute oyfters, covered with little fhells, perfectly 

tranfparent, were plainly feen therein; in another they 

were found of a brownifh colour, without any apparent 

life or motion. 

Monf. Azout obferved a fhining clammy matter, which 

ftuck to the fhells of oyfters, and being drawn out, fhone a 

in the air its whole length, which was four or five lines, 

and continued fo for a confiderable time when laid on the 

obferver’s hand, and afterwards opening more than twenty 

dozen in the dark, and then examining fome of this 

fhining matter with a microfcope, he found it to conftft: 

of three forts of real worms. One was whitifh, having 

twenty-four or twenty-five forked feet on each fide, with 

a black fpeck on one fide of the head, taken by him for a 

cryftalline, 

y Arc. Nat. Tom. ii. Part i. p, 52. 

No, 12. p. 203. 
* Phil. Tranf. 



£0$ Of the Oyftefi 

Cryffalme, Its back like an eel Gripped of Its {kin; the 

fecond was red, refembling the common glow-worm, 

with folds on its back, legs like the former, and a nofe 

like that of a dog’s, and one eye; the third fort v/as 

fpeckled, with a head like a foal, and many tufts of 

whitifh hair on its fides. There was a bigger fpecies, 

that was greyilh with a big head, and two horns like 

thofe of a fnail ; it had feven or eight whitifh feet, but 

thefe ihined not. 

The two former confifl of a matter eafily diffolvable, 

the leaft touch turning them into a vifcous and aqueous 

matter, which falling from the fhell, {luck to the ob- 

ferver’s fingers, and {hone there for twenty feconds. If 

any part of it fell to the ground it appeared like a {mail 

piece of flaming brimflone, and when fhook off nimbly, 

it feemed a fmall Ihining line, which was diffipated be¬ 

fore it reached the ground. Some of it was. whitifh, fome 

reddifh, but both afforded a violet colour to the eye. The 

worms give no light when irritated $ and if they do, it 

lafis but a little while: whereas in thofe that are not 

provoked, it continues a good while. 

As tainted flefh, rotten wood, bodies of lobfters, and 

fome other kinds of fifhes, and other fubftances, are 

fometimes found to fhine with a light refembling the' 

foregoing, may it not probably proceed from the fame 

eaufe, viz. from animalcules ? Some have alfo fuppofed, 

that the Ignis Fatuus, will in a wilp, or jack in a lant- 

horn, is nothing elfe but a fwarm of minute infedls, 

that emit light round them in the manner glow-worms 

do. 

Of 
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Of the mufcle. 

IN a diffedlion of the ovarium of a mufcle, Mr. 

Leeuwenhoek difcovered numbers of embrio mufcles s, 

which appeared as plainly in the microfcope as the mufcle 

does to the naked eye; lying with their fharp ends fattened 

to the firings or veflels whereby they received their 

nourifhment. Thefe minute embrio mufcles are in due 

time laid or placed by the parent, in a very regular and 

clofe order, on the outfide of the fheli; where, by means 

of a glewy matter, they adhere very fafl, and continually 

increafe in fize and flrength; till becoming perfedi 

mufcles, they fall off and fhift for themfelves, leaving 

the holes where they were placed behind them, as abun¬ 

dance of mufcle fhells when viewed by the microfcope can 

fhew two or three thoufand of thefe eggs adhering 

fometimes to the fheli of one mufcle 5 it is not certain 

they are all fixed there by the mufcle itfelf, but are fre¬ 

quently placed there by another mufcle. The fringed 

edge of the mufcle, called by Mr. Leeuwenhoek the 

beard, has in every the minuteft part of it fuch a variety 

of motions, as is unconceivable for being compofed of 

fpngifh fibres, each fibre has on both fides a vafl many- 

moving particles, which one would almofl imagine to be 

animalcules 

The firings or threads, which we term the beard, are 

compofed of a glew, which the mufcle applies by the 

help of its trunk to fome fixed body, and draws out as a 

fpidex does its web, thereby faflening itfelf, that it may 

not 

* Phil. Tranf. No. 336. b Phil. Tranf. No. 336. Axe* 
Nat. Top.U. p. 15. & Tom, iv. p. 423. 
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not be wafhed away. If mufcles be put into fait and 

water, they will fallen themfelves to the fides of the vefTel 

we place them in. 

Scallops, cockles, limpets, perriwinkles, and abun¬ 

dance of other ihell-filh, are objedts that have as yet been 

very fiightly examined by the microfcope ; and therefore 

the ferious enquirer into nature’s fecret operations may 

here be certain of difcovering beauties, which at prefent 

he can have no conception of. 

Of the itch. 

DOCTOR Bononio hath difcovered that this 

diftem,,er owes its rife to little jinfedts c under the 

cuticula, whole continual bitings caufe an oufing of the 

ferum from the cutis, and produce thofe pullules whereby 

the difeafe is known. 

For on obferving people in this dillemper pull out of 

the fcabs, little bladders of water with the point of a 

pin, and crack d them like lice upon their nails, from a 

place fcabbed over, and where there was a grievous 

itching, he picked out a little pullule, and from thence 

fqueezed a thin matter, in which he could but juft dif- 

cern a fmall white globule; but on applying it to his 

microfcope, found it to be a minute animal of a whitilh . 

colour, in Ihape refembling a tortolfe, but fomewhat 

dark on its back; it is reprefented in fig. 173, at A and 

B; they have fome long hairs, fix legs, a lharp head, 

and two horns, and are very nimble. He repeated this 

on perfons of all ages, fexes, and complexions, and at 

all feafons of the year, and found the fame fort of animals 

in 

e Bonani Micro, p. 9t. d Phil. Tranf. No. 283. 
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in moll of the watery puflules. They begin to enter in 

the furrows of the cuticula by gnawing and working in 

their heads till they are quite got under, where they caufe 

a grievous itching, and force the infedted perfon to 

fcratch, which only heightens the malady: from his fre¬ 

quent obfervations he alfo faw one of them drop an egg, 

almoft tranfparent, from the hinder part of its body, and 

afterwards faw feveral others of the fame fort, one of 

which is reprefented at C, fig. 173. 

Hence follows the reafon why this diflemper is fo very 

catching, fince by fimple contact thefe animals can 

readily pafs from one perfon to another, not only from 

their fwift motion, but by their clinging to every thing 

they touch; and crawling as well upon the furface of 

tlie body, as under the outward fkin. A few being once 

lodged, they multiply apace by their eggs ; nor is it any 

wonder if this infe&ion is alfo propagated by the fheets, 

towels, handkerchiefs, or gloves, ufed by itchy people; 

fince thefe animalcules may eafily be harboured in fuck 

things, and will live out of the body two or three 

days. 

This difcovery alfo accounts why this diflemper is 

never cured by internal medicines, but requires lixivial 

wafhes, baths, or ointments, made up of falts, vitriols, 

mercury, fulphur, precipitate or fublimate, or fuch kinds 

of corrofive and penetrating remedies as can powerfully 

kill thefe vermin in their fkin. It is necefiarv to con- 
J 

tinue the anointing for fome days after the cure feems 

pcrfedled ; for though the ointment may have deftroyed 

all the living animalcules, it may not probably have 

killed their young in the eggs, which are laid In nefls 

in the fkin, which if fuffered to be hatched may renew1 

the diflemper. 

Of 
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Of animalcules in the teeth. 

THESE are to be found in great numbers of dif¬ 

ferent kinds, in the whitifh matter that flicks be¬ 

tween the teeth of men, women, and children e; but 

efpecially between the grinders, although they wafh their 

teeth frequently ; but from people that are more carelefs, 

a fort of eels are found. The firft fort A, fig. 174. move 

along very fwiftly, in fpittle or water without bubbles. 

The fecond fort feen at B, fig. 174. move in the direction 

of the doted line. The third fort is feen at E, and the 

fourth fort at F. 

They all die if vinegar be put to them; from whence 

it feems probable, that if the teeth and gums be frequently 

wafhed with it, it may be a means to preferve them, 

from thefe creatures. 

Of the fnail. 

THIS flow paced flimy animal hath many curious 

obfervables. The firft are its four eyes, like atra- 

mentous fpots, fixed at the ends of its horns, or rather at 

the ends of thofe black filaments, or optic nerves f that 

are fheathed in its horns, which it can thruft out, draw 

in, turn, or diredl as it finds occafion. If when the 

horns are fully extended, you nimbly clip off their 

extremity, and place them before the microfcope, either 

upon the objedt carrying glafs, or flick the end of 

them with a little turpentine to the point, they may 

Yery eafily be examined in the microfcope, with all 
the 

* Leeuwenhoek’s Ex. & Con. p.40. Tom. iv. s Power's 

Micro. Obf. p. 36. Speft. de la Nat. Dial, ?d. 
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the magnifiers, and will be found to be two Itemifpheri* 

cal eyes. And when the flump is re-extended, it will 

appear evidently hollow, or tubular to the naked eye. 

Snails partake of the nature of both fexes, infomuch 

that as foon as one has impregnated the other, the fame 

aft of generation is immediately returned ; each of them, 

eighteen days after thefe approaches, drop and conceal 

their eggs in the earth; the young of which, when 

hatched, appear with fliells compleatly formed s. 
If you would view the internal fabrick of this animal, 

the microfcope will, after a dextrous diffeftion, difcover to 

you the heart, juft againft a round hole near the neck, 

which probably is the place of refpiration; the heart may¬ 

be feen to beat near a quarter of an hour after diffec- 

tion. h Its guts are green (from the herbs it eats) and 

curioufly branched over with fine capillary white veins. 

This creature, how contemptible foever it may feem, 

hath a compleat fett of the fame parts and organs with 

other animals, as heart, liver, fpleen, ftomach, guts, veins 

and arteries. 

If the head be cut off, a little ftone will be found, 

faid to be of a diuretic quality, and of Angular fervice 

in gravelly diforders. 

They have a mouth like a hare or rabbit, and teeth as 

reprefented in fig. 175. whereof A B C fhew the upper 

jaw, which is white, and of a femicircular form j the 

lower black part C D E, hath feveral prominent parts or 

teeth F F F, but all fixed together fo as to compofe the 

fame bone. Mr. Hook obferved this very fnail (of which 

the figure now before us is a pifture of its teeth) to feed 

on the leaves of a rqfe-tree, and to bite out half-round 

bits of the fize and fhape of the letter C. 

I 

s Nat, Delin. p. 148. * Power’s Qbf. p. 38, 

If 
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If a fnail be fuffered to creep upon a bit of glafs, you 

may by the naked eye (but better if you apply the hand- 

glafs of your microfcope to view it through) obferve a 

little cloudy ftream pacing from its tail to the head, that 

never returns the fame way j and this as long as the fnail 

is in motion. 

Of the fcales of fifhes. 

THE outfide coverings of fifhes are fcales, formed 

with inconceivable beauty and regularity; fome 

longifh, fome round, fome triangular, fome fquare, and 

feme or other of all the variety of fhapes imaginable: 

forne again are armed with fharp prickles, as thofe of the 

perch, foal, &c. others have fmooth edges, as the cod- 

fifh, carp, tench, &c. There is like wife a great variety 

even in the fame fifh; for the fcales taken from the 

belly, the back, the fides, the head, and all the other parts* 

-afe very different from each other. 

The fcale of a foal fifh is delineated, as it appear’d in 

.the microfcope, at fig. 176. whereof CDEF repre¬ 

sents that part of the fcale which fhews itfelf on the 

outfide of the fifh, and A B C D, the part which ad¬ 

heres to the fkin, being as it were furrowed, that it 

might hold the fafter, * each of which is terminated on 

the outfide by pointed fpikes, and every other of thefe 

jnuch longer than the interjacent ones. 

Mr. Leeuwenhoek fuppofes thefe fcales not to be filed 

during the whole life of the animal; but to have an an¬ 

nual addition qf a new fcale growing over the old one* 

and extending every way beyond its edges, in propor¬ 

tion to the fifhes growth : fomewhat in the fame man¬ 

ner 

5 Hook’s Micro, p. 16?} 
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Her as the Wood of trees enlarge yearly by the addition 

of a new circle next the bark; and as the age of a tree 

may be known by its number of ringlets; fo in fifhes the 

number of plates k compofmg their fcales, denote to us 

their aee; 

To prepare fcales for the microfcope, take them care¬ 

fully off with a pair of nippers, and wafh them very 

clean, and place them in a fmooth paper, between the 

leaves of a book, to make them dry and flat, and then 

place them in Aiders between the talcs for examination. 

The eel, fnake, viper, lizard, flow worm, and the eft, 

&c. afford a great variety of fcales. The dog-fifh fcales 

confift of a great number of horny points, which appear 

in the microfcope to be curioufly ridged or carved. 

Of Ipiders. 

TK £ R E are fo many different forts of ipiders, 

and their form fo generally known, that a defcrip- 

tion of them in this place, cannot be expe&ed. I fhall 

therefore proceed to defcribe fome of thofe particulars of 

this creature, that are only be difcover’d with the affif- 

tance of the microfcope. 

Some fpiders have ftx eyes, others eight, others fewer, 

and fome more. They all feem to be creatures of prey, 

and to feed on other fmall infe&s, but their ways of 

catching them are very different. The fhepherd fpi- 

der by running on his prey; the hunting fpider by leap¬ 

ing on it; other forts weave nets, or cobwebs, whereby 

they enfnare them. Nature having equipped them both 

with materials and tools, and taught them how to work 

and weave their nets, and lie perdue, and to watch dili¬ 

gently, and run on any fly, as foon as ever entangled. 

I 2 Their 

* Leeuwenhoek’s Epiff Phy. Epifl. 24. Mai, 1-16, 
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Their eyes are immoveable and tranfparenty But not 

pearl’d; they are fituated in a moft curious manner3 

and deferve the ftri£teft examination. 

The way to view them is to cut off the legs and tail, 

and bring only the head part before the microfcope, upon 

a glafs flip or Aider, or to ftick them upon the point, or 

pinch them between the nippers, and fo apply them to 

the microfcope. 

T^iey have all eight legs, and two arms, or fhorter 

legs near their mouth, that affifl: in taking their prey; 

they are befet thickly with hairs, have each fix joints, 

and end with two hooked claws, ferrated, 1 or having 

teeth on their infide, whereby they cling faff to any 

thing; and may be often feen to hang down from the. 

branch of a tree, on a thread of their own making, af~ 

fifted by the help of thefe claws. 

Fig. 177. reprefents part of the leg of a fpider; B, 

C, D, fhew the two extreme claws armed with teeth 

dike faws ; E, the third that hath no teeth. It is cer¬ 

tain, that when the fpider does not wind itfelf by its 

thread upwards, but runs along its web, it then takes 

hold of the fpun thread with this third claw. This fpi¬ 

der had eight eyes, two of which were on the top of the 

'head, to fee what pfcffes before him: below thefe two 

others, which look ftrait forwards; on each fide of the 

head were two more, the two foremOib to fee collaterally 

before him, and the two hindmoft to fee backwards. 

Fig. 182. reprefents that part of the head which con¬ 

tain’d the eyes feparated from the membrane in which if 

lay. P Q, the eyes that look upwards ; K L, thofe that 

look ftraight forward j I M, thofe that look Tideways for¬ 

ward; H N, thofe that look Tideways.backward. They 

have no eve-lids, but are fortified with a hard, poli&ed, 

and 

Phil. Tranf. No, 27zi 
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and tranfparent cruft: as thefe eyes are immoveable, na¬ 

ture hath indulged them with fo large a number, to give 

them information of any thing that any ways concerns 

them. 

Every fpider is furniftied with a pair of forceps, repre- 

fented at A B, and C D, fig. 1^3. in the fore-part of its 

head. They ftand horizontally, and when not made ufe 

of, they let the claw of them fall down on their refpec- 

tive branches, like a knife clafped upon its haft, as at 

C D, and there they lie between two rows of teeth, that 

are likewife employed to hold faft its prey. 

Authors are divided in their opinions on the poifon of 

fpiders, fome calling thefe forceps ftings; as Mr. Leeu¬ 

wenhoek, who calls the hooked claws AB and CD 

ftings; and fays, that towards their extremity at B and 

C, are two fmall holes, from whence, according to all ap¬ 

pearance, when it ftrikes its enemy, it therefrom eje&s ^ 

liquid matter, we call poifon. 

He put a frog and a fpider together into a glafs, and 

having made the fpider fting m the frog divers times, the 

frog died in about an hour’s time. 

Dr. Mead believes this to be a miftake, and that while 

the fpider bites, a fhort white probofcis n is thruft out 

from the mouth, which inftils a liquor into the wound. 

They frequently caft their fkins, which are to be 

found in cobwebs, in which the forceps may be exa¬ 

mined, being always fhed with the fkins, and eafier fe- 

parated than when alive. They are commonly fpread 

out to view, and by their tranfparency, every minute 

part is feen with much diftimftnefs. 

The microfcope hath alfo informed us of the manner 

how the fpiders weave their webs, and of their contex¬ 

ture, for the performance of which nature hath endowed 

J 3 them 

? Phil. Tranf. No. 272. » Mead of Poifon, 



11S Of Spiders. 

them with five little teats, or nipples, near the extremity 

of the tail; whence a gloomy liquor proceeds, which ad¬ 

heres to any thing it is preffed againft °, and being drawn 

out, hardens inftantly in the air, and becomes a firing or 

thread ftrong enough to bear five or fix times the weight 

of the fpider’s body; this thread is compofed of feveral 

finer ones, that are drawn out feparately, but ? unite to¬ 

gether at two or three hair’s breadth diflant from the 

body of the fpider. The threads are finer or coarfer, ac¬ 

cording to the fize of the fpider that fpins them. 

Fig. 178. reprefents a part of the threads, which 

came out of two of their working inflruments, and were 

divided from each other, juft as they iffue from the 

body; and R S T V, fig. 179. reprefents one of the four 

outermoft inftruments or nipples, with its quills or reeds, 

which put together is not fo large as a common grain 

of fand; from whence it is eafy to conceive, how final! 

thofe inftruments muft be, and how fine the threads en- 

cafed within them. At W thefe working inftruments 

ftood as thick by each other, as they are reprefented be¬ 

tween R and S ; and that part of the figure* from the 

fight, was not cover’d with thofe fort of quills, but 

with hairs only. It is alio obfervable, that a few of thefe 

inftruments are bigger than the reft, and confequently 

produce a larger thread. C F, fig. 180. reprefents one 

of thefe between two others of the finaller fort D E and 

A B, one of which had a wrinkled or harled thread. 

Spiders emit their eggs, not out of the hinder part of 

their body, as in all other animals, but under that upper 

part of the belly, near the hind legs, where grows a kind 

of hook, of a particular figure, which partly covers the 

aperture from whence the eggs iffue. Fig. 181. repre¬ 

fents a fpider of an ordinary fize, with its legs contra&ed, 

as 

^ Phil. Tranf. No, 272, f I??id No. 325. 
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■as If it was dead, In order to fhew the above-mention’d 

aperture; and at D the hook is feen. 

Fig. 184. G H I K fhews the hook feparated from the 

fpider’s body, as it appear'd through the microfcope; be¬ 

tween I and K are feen the wrinkles or folds, which Mr. 

Leeuwenhoek fuppofes are made to produce a more than: 

ordinary motion: E F fhews the part that join’d it to the 

body, and between F and G are two round balls. The 

' ufe of which he could not difcover. 

The eggs of fome fpiders are a good objedt, being flat- 

tifh at one end, and round at the other, with a depref- 

fion at the center of the flattifh end, and a yellowifh cir¬ 

cle round it; their colour is a blueifh white like coun¬ 

terfeited ^ pearl; when they hatch, the little fpiders come 

.out perfectly form’d, and very nimble. They depofite 

their eggs to the amount of five or fix hundred, in a bag 

strongly compos’d of their own web, which the fpider 

either carries under her belly, and guards with the 

greateft care, or elfe hides it in fome fafe recefs. When 

juft hatched, the young fpiders make an entertaining ob¬ 

ject for the microfcope. 

The current of the blood may be feen in the legs and 

body of fpiders, as has been before hinted; many other 

wonders will be di fcover’d by the curious in the diffec- 

tion and examination of their feveral parts. 

The carter, fhepherd, field, or long-legged fpider, is 

different from moft other fpiders in two particulars; the 

firft, which is only difcoverable by the microfcope, is the 

^curious contrivance of its eyes ; it has only two, and 

thofe placed upon the top of a fmall pillar, rifing per¬ 

pendicularly out of the middle of its back, or rather the 

crown of its head. r The two eyes, B B, fig. 185, 

Were placed back to back, with the tranfparent parts 

I 4 or 

* Power’s Micro. Obf. p. 15. r Hook's Micro, p. 198. 
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or pupils more protuberant than the reft of the circum¬ 

ambient matter, s looking towards either fide, but fome- 

thing more forward than backwards. C, fig. 187. fhews 

the column da which they ftood, and D D the cfowii 

of the head. 

The fecond peculiarity is the prodigious length of its 

legs, which are eight in number, in proportion to its 

Imall round body. Each leg of this, of which the figures 

185. and 186. area reprefentation, was above 16 times 

the whole length of its body; they are jointed juft like 

thofe of a crab; each of which proceeds from a fmall 

Ihell-like cafe, of a conical figure, as at 1111, &c. af 

fig. 186. which reprefents the under part of its belly; 

thefe are fattened on to the protuberant body Of the in- 

fed!, forming a kind of blunt cone, whofe apex is at M, 

about which the fmaller cones of the legs are placed, 

each of them reaching almoft to the top, in fo admirable 

a manner, as does not a little manifeft the wifdom of 

nature’s almighty architect, in the contrivance thereof. 

It has two fore claws K K tipped with black like a crab’s, 

which open and ftiut exadtly like thofe in a fcorpion, 

and are faw-like or indented on the infide. Its horns 

are feen at A A and mouth at L. 

The beft way to obferve this fpider is to cut off all its 

legs, and place it-before the microfcope upon the objedt- 

carrying glais, or upon the black and white objedt- 

plate. 

The little white field-fpider with fhort legs, found 

plentifully among new hay, whofe body appears like 

white amber, emboffed with black knobs, out of each 

whereof grow prickles like whmpricks, fome have fix, 

feme eight eyes, that may be diftindtly feen, quick and 

lively 3 

l Power’s Micro, Obf. p. 14^ 
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lively; each eye has a violet blue pupil, 1 clear, and 

admirably furrounded by a pale yellow circle. 

The wandering or hunting fpider, who fpins no web, 

but runs and leaps by fits, has two tufts of feathers 

fixt to its fore paws, which, together with the great va¬ 

riety of colouring all over this animal, affords a beau¬ 

tiful and delightful profpeft for the microfcope. 

There is a red mite or loufe often found feeding upon 

fpiders, in fhape much like a tortoife, u with a little 

head, and fix long but finall legs; and about the legs of 

the field-fpider they cling exceeding clafe whilft the ani¬ 

mal is alive, but when dead they all fall off and creep 

away. 

Mr. Bon hath made feveral pair of ftocklngs and 

gloves, from a filk x wound off from the egg bags of 

Ihort legged fpiders. 

Of the fling and feraper of a bee* 

AS the contrivance and ftru&ure of the flings of moll 

infefts are nearly alike, they will be fufficiently 

underftood by a defeription of that of a bee, as difeovered 

by the microfcope. 

A bee’s fling is a horny fheath or fcabbard, that in¬ 

cludes two bearded darts j this fheath ends in a point, 

near the extremity whereof a flit opens, through which 

at the time of flinging, two bearded darts are protruded 

beyond the end of the fheath, one whereof being a little 

longer than the other, fixes its beard firft, but tfie other 

immediately after ; they penetrate alternately deeper and 

. deeper, taking hold of the flefh with their hooks till the 

whole 

4 Power’s Micro. Obf. p, 13. « Power’s Micro. 0£f. p. so 
* PhU. Tranf. No. 325. “ 
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whole fling becomes buried in the wound, and then a 

Venemous juice is injected through the fame fheath, 

from a little bag at the root of the fling, which occafions 

an acute pain, and a fuelling of the part continues fome-*- 

times for feveral days after. This is befl prevented by 

enlarging the wound immediately to give it fome dif- 

charge, and anointing it with a little common oil. 

A B C, .fig. 188. reprefents the fheath or cafe, out of 

which the two flings or rather fpears are protruded. y E the 

cavity, in which they lie. C the thicknefs of the cafe 

below ; and about Cs A, the two fpears fliew themfelves 

each in a ieparate place. Fig. 189, fhews part of the 

fling taken out of the fheath, K its edge or bearded part, 

Tits back without beards. M N, fig. 190. reprefents 

the whole fling taken out of-the fheath with its back 

that is without beards next the eye; the upper part 

M O is inclofed round about and hollow within, the 

the lower part O P open ; P N fhews part of the broken 

nerve, QJR. is part of the body faflen’d to the fling, 

and placed in the thicker part of the cafe D C A, fig. 

188. ABC, fig. 191, reprefents both the darts as they 

lie together clofe againfl the fheath z ; yet one of them 

with its point a little before that of the other, to be ready 

(as I conceive) to be darted into the flefli. And fig. 

192. fhews both the darts in part out of the fheath; and 

one a little higher than the other, as if it were at work. 

Fig. 193* reprefents one of the two arms wherewith 

Mr Leeuwenhoek thinks the bee makes her honey¬ 

combs, and are furnifh’d with three peculiar joints as at 

0, A, B. Fig. 194, is one of the ferapers placed on the 

fore part of the head, by which fhe ferapes the wax from 

Sowers. Fig. 195. is the wiper placed forward on the 

heads 

y Arc. Nat. Tom. Hi. Epift, 133, Phil. Tranf. No. 97* 

2 Derham’s Phil, Theo. p, 240, 
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head, and with it file wipes the honey off the flowers. 

all which inftruments when the bee hath done working 

are ikilfully fheathed under her head. Fig. 196 repre- 

fents the fcraper of a wild bee. 

When the darts are ftruck deep in the fle/h, if the 

wounded perfon ftarts before the bee can difengage 

them, Ihe leaves her fling behind in the wound5 but 

if he has patience to wait until {he withdraws the fpear* 

into their fcabbard, the wound becomes much lefs pain¬ 

ful. 

If you divide a bee, efpecially an humble bee, a near 

the neck, you will fee the heart beat moft lively, which 

is a white pulfing particle. 

Within the yellow plufh or fur of humble bees you 

may frequently find a fmall whiiifh very nimble ani¬ 

mal, b not much unlike the fhape and form of a cheele 

mite. 

The way to view a bee’s fling with the naicrofcope, 

is to cut off the end of its tail, and then touching it 

with a pin or needle, it will thruft out the fling and*, 

darts, which may bg fnipt off with a pair of feiffars and 

kept for obfervation3 or if you catch a bee in a leather 

glove, its fling will be left therein, being unable to dif- 

engage its hooks from leather: and when it is quite 

dead, which it will not be till after feveral hours, you 

may quite extract it with its darts and hooks 3 by fqueez- 

ing the tail, pulling out the fling c, and prefling it at the 

bottom you may likewife pufli up the darts; but with¬ 

out fome practice this will be a little difficult. 

The poifonous juice may eafily be found in the bag 

which contains it 3 and by letting the bee Alike its fling 

upon fome hard body, enough of the faid juice may be 

obtained 

a Power’s Micro. Qbf. p. 4. b Ibid p. 20. c Power’s. 
Micro. Obf. p. 4. 
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obtained to put upon a flip of glafs, in order to view the 

falts floating therein at firft, and afterwards (hooting into 

c'ryftals ; or if you gently fqueeze its tail, you may per¬ 

ceive a drop of this diaphanous liquor at the very end of 

the fling, which if wiped off will be immediately re¬ 

new’d. 

The flings of fcorpions may be examined in the like 

manner. 

The poifon of vipers has alfo been viewed by the mi- 

crofcope, but for a defcription of this I fhatl refer the 

reader to Dr. Mead’s Effay on Poifons. 

Of animalcula in fluids. 

THE rhicrofcope hath difcovered to us that the 

fmalleft of all living creatures, we have been able 

to trace, are the animalcula in fluids, which would for 

ever have remained invifible, had it not been for the af- 

fiftance of that inftrument. 

If pepper, pafte, vinegar, hay, ftraw, grafs, oats, &c. 

or any other vegetable production be infufed a few days 

in water, expofed all that time to the open air, they 

will abound with inexprefiible numbers of minute living 

creatures peculiar to themfelves, but of various forms 

$nd fizes. 

Whereof feveral of the fame fpecies of animajcula, are 

frequently to be met with in different infufions, and 

even in waters, that have been expofed, efpecially in 

September, without any mixture; fuch have been fre¬ 

quently found therein, as are found in the cavity of a cab¬ 

bage leaf, or on the dipfacus d, &c. and that certainly 

feveral of thefe are the fame animals under different 

forms, 

* Phil. Tranf. No. 284. 
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forms, fitch a regular procefs being obferved in them, and 

eonflant uniformity in their appe&rance, makes it pro¬ 

bable that moft of them are produced from the fpawn 

of fome invifible volatile parents, and generated like 

gnats and feveral other forts of flies, which are bred and 

.undergo feveral changes in the water before they tak£ 

Tying j that fome of them originally may be water in¬ 

fers, or really fifh, fmall enough to be raifed in fpawn 

with the vapours, and to fall down again in fain, and 

to grow and breed in water that is kept. 

It has been thought that thefe minute flies, which 

hover every way in the air, when they find a fluid flored 

with convenient nourifhment far their future offspring, 

refort to it in fwarms to lay their eggs, which being foon 

hatched, the animalcula produced therefrom fwim about,, 

and live happily, till grown to a certain fize, change 

their forms, take wing and fly away. 

If the infufion is covered only with a fine lawn or 

ffiuflin, few animalcules will be found therein; but if 

it {lands open it wdll be full of life in a few days : in 

the leaf! drop taken from the furface of fuch infufion, the 

microfcope will difcover millions of living creatures. 

Of eels, ferpents, or little worm-like animalcula, 

found in vinegar and pafte. 

IF vinegar be expofed to the open air but a few days 

in hot weather, it will abound with eel-like animal¬ 

cula, reprefented by fig. 197. two of which are feen at 

A, making equal undulations, fometimes four or five are 

feen to move in the fame manner; at BBBB, are 

fiiewn four others differently coiled, they coil and uncoil 

themfelves with a fuprizing fwiftnefs, at C is a repre¬ 

fen Cation 
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fentation of one with a forked tail. Monfieur Joblot 

faw but one of thefe in 36 years obfervation : e how¬ 

ever, the folar microfcope feldom fails of difcovering 

iome of them every obfervation. That marked D, al¬ 

though its mouth feems different from the reft, is not fo, 

but owing to its not being reprefented in the fame pofi- 

tion. They are to be applied to the microfcope by 

taking up a drop of the vinegar on a pin’s head, and 

placing it upon a hollow glafs flip or flider. When 

this drop begins to evaporate, their motion will be 

conflderably retarded, at which time their mouths may 

be feen, and many other particulars may be obferved in 

them. 

Some people have imagined, that the fharpnefs of the 

vinegar, is occafloned by the eels ftriking their pointed 

tails againft the tongue and palate; but it is very certain 

that the foureft vinegar hath none of thofe eels, and 

that its pungency is intirely owing to the pointed figure 

df its falts, which float therein. 

Animalcula in the fhape of eels are often found in 

many infufions but of a different fize. 

Dr. Power obferves, that if vinegar, in which thefe 

eels abound, be but moderately heated, f they will all 

die, and fink to the bottom. But cold does not hurt 

them, for after fuch vinegar had been expos’d a whole 

night to the fevereft froft, and was frozen and thawed, 

and frozen again, and fo feveral times over, they were as 

brifk as ever: he alfo tells us, that he put fome vinegar 

full of thefe eels into an effence glafs, and poured thereon 

about the fame quantity of oil, which floating on the 

vinegar, all the eels would conftantly creep up into the 

oil, 

e Joblott’s Obf. p. 2, Imprime a Paris. 1718. { Power’s 

Micro. Obf. p. 34. 
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.oil, when the vinegar began to freeze, but when it 

thawed, they as conftantly returned to it again. 

To furnifti yourfelf with minute eels, always ready 

for the microfcope, boil a little flour and water, til!' 

it comes to the confluence of fuch pafte, as the book¬ 

binders and ihoemakers ufe; expofe it to the air in an 

open veflel, and to prevent its hardening, or becoming 

mouldy on the furface, beat it well together whenever 

you find it tends that way; after a few days it will 

turn four, and then if it be examined with attention^ 

you will find thoufands of thofe eels on the furface 

thereof. To preferve them all the year, you need only 

put a little water to them, if the pafte grows dry, or a 

fiipply of other pafte, always obferving to keep the fur- 

face in a right condition, which will be eafily done when 

it is once ftored with thefe animalcula. Their conti¬ 

nual motion will prevent any mouldinefs thereon. 

Apply them to the microfcope upon a glafs flip or 

Aider, firft putting on it a drop of water, taken up upon 

the head of a pin, for them to f\vim in, and if the pafte 

be thick, it muft be diluted with a fufficient quantity 

of water to difentangle the eels, and render them dif- 

tincftly vifible. 

They are very entertaining objedfs, but more particu¬ 

larly fo if examined by the folar microfcope, with which 

they may be magnified to an inch or more in diameter. 

The internal motion of their bowels may be very plainly 

jfeen, and their mouths open to a confiderable width. 

Of 
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Of aftimalcula in feveral cold infufions of whole 
pepper. 

BD, K, H, Q, R, L, fig. iq8. exhibits the firft fort 

} of them, each having feveral little fpots more 

tranfparent than the reft of their body. The regularity 

of the figure, under which thefe animalcula generally ap¬ 

pear, and the rapidity of their motion, prevents us from 

difeovering on what part of their body their head is 

placed, but after a little time we are enabled to do it, al¬ 

though they continue in motion ; for when the drop of 

water in which they fwim, is grown thick by the infen- 

fible evaporation of its fubtle parts, it gradually retards 

the motion of thefe minute fifh ; and affords us fufficient 

time to obferve many things, that will teach us to admire 

the creator’s wifdom, even in the finalleft part of thefe 

minute creatures. 

You may then perceive that as two of thefe anima?- 

cula are advancing forward, one moving along the line 

from A to B, and the other from C to D, in turning 

about the firft follows the dotted line B E, and the fe- 

cond moves from D to F. 

You may alfo frequently fee that of two of thefe ani¬ 

malcula, one of them will run as it were along the line 

G H, and the other over that of I K, leaving a final! 

fpace between them, yet too little for a third L, to 

find a paffage, which thus inclofed between them, rufhes 

forwards to fave himfelf in the direction of the dotted 

arch towards M. Others after having moved along a 

ftraight line, as H G to O, turn about fo fwift upon a 

point at O, which is their head, that their oval figure 

appears almoft circular, after which they launch out 

with an extremely fwift motion towards P. Others 

alio 
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having run along a line as Q_R, and as it were 

turning upon their own center at R, defcrlbe feveral 

circles, then (hoot forwards with an extraordinary fvvift- 

nefs along the line ST. 

Fig. 199. reprefents another fort 6f animalcula, whofe 

head is adorned with hairs, and motion generally circu¬ 

lar, called copple crown s. A third fort reprefented at 

fig. 200. called a filver bag-pipe h. A fourth fort is a. 

kind of water fpider, with its mouth open, as at fig. 

201. Two of them are represented at fig. 202. con¬ 

joined and turning upon their common center. Fig. 

203. (hews two more of them alfo coupled as they fwim 

in a ftraight line. Another fort is reprefented at fig. 

204. in fome meafure refembling a weaver’s (buttle; its 

hinder partis tufted with hairs, which aflift him in fwim- 

ming. Fig. 205. exhibits a fwarm of exceedingly mi¬ 

nute infects of different fizes and fhapes, which ferve fgs 
nourifhment to the larger forts* 

Of white pepper. 

INfufions made of whole white pepper, produce finer 

animalcula than the foregoing, but not in fo (hart & 

time. The large bag-pipe of this infufion advances and 

recedes by turfts, as it fwims before the microfeope ; and 

juft before the water is totally dried, a great number of 

eggs may be feen within them, and in the next mo¬ 

ment they will all be dried up, and appear like a con¬ 

futed miafs. 

K Of 
s Joblott's Obf p. 14. 

h Thefe names were given to the animalcula of the feveral in- 
fufions, by Monf. joblott, who endeavour'd to call them after the 
common names of things an 1 animals, to wmch thefe animalcula 
bore fome refemblance; which refemblauces, 1 apprehend, in lame 
caies arofe from the lively imagination and halty determination 
of Mr. joblott. 
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Of long pepper. 

ONG pepper put whole into common water, pro- 

JLJ duces animalcule no lefs fuprizing than the two 

foregoing; in this is fometirnes found an animalcule 

fomewhat like a caterpillar ; and a different fort of eels 

from thofe found in vinegar and pafte, being thicker 

and fliorter than they, but do not live near fo long. 

On repeating thefe experiments at different feafons in 

the year, and in different years, other forts will be found 

not here reprefented. 

Take common black pepper grofly pounded, and put 

It into a glafs veffel, as much as will cover the bottom 

thereof, about half an inch thick, on which pour about 

three or four times that depth of rain or river-water; 

ihake and ftir the pepper and water well together at firft, 

but afterwards not at all, and expofe the veffel to the air 

uncover’d 5 in a few days a little ikin may be feen on the 

furface of the water, which, examined by the micro- 

fcope, will be found to contain millions of animalcula, at 

firft fcarce difcernable, but continually increafing in bulk, 

till they arrive at their full fize. Their numbers too in- 

create prodigioufly, till at laft the whole furface of the 

fluid feems alive. 

This experiment will fucceed in winter, if the water 

is not frozen. 

The animalcula reprefented by fig. 206. are very 

common, and are deferibed by Mr. Leeuwenhoek, who 

hath feen the tails of feme of them pine or ten times 

longer than their bodies,1 which are about one third of 

an hair’s breadth, but in general they are four or five 
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theii4 tail into a fcrew-like form, as at b, fig. 206„ 

and this fpring is fo flrong, that when the tail is entan¬ 

gled, as it frequently is by the extremity, they bring back 

their whole bodies by the jerk and convolution of the 

tail, which quickly returns to its firft ffraitnefs. When 

they lie ftill, they thruft out and pull back again a 

bearded tongue, and a current conftantly runs towards 

them, occafioned probably by the motions of fome fins 

or legs too fine to be difcerned. 

Thofe animalcula exhibited by fig. 207. abound in all 

Waters, and are largeft of all; their length is about an 

hair’s breadth, and three or four times more than their 

own k; they are very thin and tranfparent, and turn 

themfelves very quick, fhewing both back and belly; 

their edges are adorn’d with a great number of minute 

feet feen chiefly at the two extremities; at one end there 

is a kind of brufh refembling a tail; they are fwift in 

motion, and by their turns, returns, and fudden hops, 

feem to be continually hunting for prey, a reprefents 

one of them on its back; b one on its belly ; at c and d, 

is feen how they often appear in other pofitions. 

There is generally another fort of an. oval fhape, as at 

fig. 20S. a b c, lengthening and fhortening themfelves as 

occafion requires, and fometimes two of them may be 

feen conjoined, as at a. 

Another fort are a kind of capillary eels, they wave 

their bodies but little, move equably and flow, and fvvim 

as well backwards as forwards. See fig. 209. 

Several kinds of mixtures put amongft them, while 

they are before the microfqope, produce different effects.. 

The fmallefi: drop of fpirit of vitriol, upon the point of 

a pin, being put to them, they immediately tumble down 

dead; diffpiyed faits kill them ; but with this difference, 

K 2 inftead 

k Phil. Tranf, No 284, 
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ijiftead of being flat, as in the former cafe, they {brink 

into oval forms. Tindlure of fait of tartar throws them 

into convulftve motions, after which they foon grow lan¬ 

guid and die, without changing their fhape. Ink kills 

them, and fo does frefh bicod, urine, fpittle, and diflolved 

fugar K 
There is alfo another fort of animalcule, frequently 

found in this infufion, of a fpherical figure, only pointed 

like a pear, as at fig. 210. in which are a vaft number 

of dark fpots, in a confufed agitation; they chiefly turn 

as it were upon a center, firft one way, and then the 

contrary, fometimes they take a large circuit, but always 

with their pointed ehd foremoft. 

Another fort repiefented at fig. 211. is alfo found in 

great numbers they move brifkly, are very atftNe, con¬ 

tracting, and dilating as they fwim along; they have fe~ 

veral feet in their fore parts very vifible j when the drop 

of water is almoft evaporated, they fhrink up into a 

globular form, then their feet {landing out, may be feen 

to move nimbly; a, {hews them at their length, and 1> 

when contradled. 

Fig. 212. reprefents another animalculum, not un¬ 

common amongfl the reft; its motion very nimble, al¬ 

ways keeping its fharp extremity foremoft; fome are 

clear and ribb’d from the point to the thick extremity, 

others tranfparent only at the fore part, as at a and b. 

The water which drains from dunghills, and is of a 

brown colour, is generally fo prodigioufly ftored with; 

various forts of animalcula, that it muft be diluted with 

water befjpre they can be fufficiently feparattd, to diftin- 

guifli their different kinds; one particular fort is found 

amongft thefe, which is very rarely to be met with elfe- 

wFere, and are {hewn at fig. 213. their middle part dark. 

1 Ibid. No.-203. 
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and befet with hairs, but both ends tranfparent, their 

tails tapering with a long fprig at the extremity thereof, 

their motion flow and waddling. 

Of animalcula in a cold infulion of fenna. 

A Bout the middle of July, as much as could be taken 

up with two or three fingers of the leaves, {talks, 

and branches of fenna, was put into cold water, and in 

about eight days, the furface thereof was ftored with ex¬ 

tremely minute longifh bodies, feparate from each other, 

but without motion. The corpufcles reprefented at fig. 

214. were thought to be nothing elfe but pieces of the 

bark from the branches of the fenna; but in about eight 

days after, they all difappeared, and a furprizing number 

of worm-like animalcula fucceeded them, but lefs than 

the firft, being alive, and fwimming a little below the 

furface of the water; one of thefe worms is feen at fig. 

215. Its head round at I, its body compoibd of eleven 

ringlets, the loweft extremity of which ends fometimes 

in a plain perpendicular to its body. At other times with 

■three round protuberances, as at M. 

Through the {kin there appears a very white fibre, 

branching as it were from each fide of the tail, in a ftrait 

line towards the head, where they unite in an arch, as 

at N, fig. 216. This fibie extends and contracts itfelf 

alternately, by which means the ringlets are drawn nearer 

to, or pufhed farther from each other. Part of the water- 

being evaporated by its {landing feveral days, a little 

frefh water was poured thereon, which caufed the {kin 

that fwarn on the furface of the infufion to fink to the 

bottom of the veffel j the infufipn was thereby refined, 

and inoie trail iparent than it was before, which occafioned 

k 3 the 
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the difcovery of two new forts of animalcula, and this in 

the leaft drop that could be applied to the microfcope, D, 

and EF, fig. 217. are their reprefentatives. The largeft 

of them refembles the filver bag-pipe, each having crooked 

heads, as at F 3 they have alfo two motions, one ftrait, 

and the other circular, flow enough to be eafily ob- 

ferved. 

Another kind of fifli-like animulcula refembling a carp, 

is fihewn at fig. 218. its motion was wriggling as the dotted 

line abed* 

In January a great number of another fort were found' 

in this infufion of Senna, which ballance themfelves from 

right to left as they fwim diredlly forwards. Another 

time, after replenifhing the water, other minute animal¬ 

cules that do not ballance themfelves were found therein, 

and the fame day others alfo fo exceeding finall that their 

form could not be difeerned. A few days another fort 

ftiaped like fig. 219. its head terminated altnoftin a point. 

After this infufion had flood a whole year, another worm¬ 

like animalcule was found therein, reprefented at fig. 220. 

whereof A was its mouth, which was round; from 

whence ifiued three fibres to its forked tail B B, two 

other forts, as reprefented by K L, fig. 121. were alfe 

feen in this infufion. 

Of the water found in oyfters. 

A Dozen of oyfters being opened, all their liquor was 

put in a clean drinking glafs, which in the fpace 

of two hours appeared to be upon the fret, and of a fine 

pearl colour, and its fmell like that of the fea 3 on ap¬ 

plying fome of this liquor to the microfcope after it had 

flood four days, a great number of minute tranfparent 

oyfters 
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oyfters ra in rapid motion were observed therein, abed, 

fig. 222. reprefents one of them, of which a is the head, 

their fhape altered as they placed themfelves in different 

pofitions before the eye, their motion was fometimes 

diredf, at others circular. The fifth and fixth day fome 

of them feemed to be dead; but, on continuing to ob~ 

ferve them, were afterwards found to move with a pro¬ 

digious fvviftnefs, one going one way, another the con¬ 

trary, often rubbing and flopping againft each other; 

then being diflurbed by others rufhing flrongly againft 

them, altered the ftate of their rencounter, and directed 

themlelves to another place; they ftretch out and fhortert 

themfelves confiderably, and are often feen coupled as at 

a and c, fig. 223. and fig. 224. Moving together from 

a towards b, and from c towards d, they turn much 

flower than thofe in pepper-water, and perform their 

circular motion much as they do, turning fometimes on 

their own center, and fometimes on a point near the ex¬ 

tremity of their head. This liquor being obferved near 

eight days, no other animals than thofe of the fame figure 

could be found therein. 

In frefh oyfter liquor diluted with common water, were 

found animalcules with two moving horns in each of 

their heads, which formed a kind of crefcent as at e, in 

others as at d, fig. 225. but the horns are fo tranfparent, 

that they rnuft be viewed attentively, and that for fome 

time before they can be difcovered. 

On putting the liquor of fix or feven oyfters into a 

glafs vefiel one day at noon, the next day at feven a 

quantity of thefe minute oyfters were found fwimming 

therein, although the vefiel was flopped : whence it feems 

iiot improbable, but that thefe animals Were produced 

K 4 from 

m Joblott'-s Obferv, p, 20, 
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from the eggs of the oyfters themfelves, and that they d© 

not proceed from other animals that either fly or float in 

the air. Six days after two different forts of new ani- 

malcula appeared in the fame liquor; the fir ft are repre- 

fented at fig. 226. it ftretches itfelf out and fhortens itfelf 

alternately. The fecond fort is feen at fig. 227. which 

moved fo flow that the following particulars were ob- 

ferved ; it had four Abort legs near its head, and five: 

longer behind. In the fame liquor was alfo found an¬ 

other fort reprefented at 228. 

In other frefh oyfter liquor were alfo found different 

animalcules, as reprefented at i, 1, m, n, o, p, q, fig. 

22 Q. m exhibits a worm with a Iharp head and round 

tail. Thofe at n and o Ihew two of the fame worms 

joined together, the ftrongeft dragging along the weakeft. 

At p is feen one of another figure, and at q are two 

fmaller, holding each other by the beak aijd fwimming 

in company. 

Of an infufion of pinks made in common 

water both cold and hot. 

SOME pinks, not quite blown, being fteeped in cold 

water, produced living animalcules, which upon 

examination with the micro scope were found to be of the 

fhape reprefented by fig, 230. On the fixth day appeared 

a larger fort, but fewer, being very tranfparent, and 

ftrewed with little fpots, fig. 231. The eighth day the 

larger fort appeared finer and longer than before, and 

moved after a different manner,; in fifteen days the fur- 

face of the liquor was covered with little white worms, 

fomewhat below which was a prodigious number of 

minute animalcules, The twenty-eighth day a large 

worm 
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worm fhewed itfelf under the form of fig. 232. The 

forty-eighth fome eels, like thofe in vinegar. The 

fiftieth day a little white worm was taken upon the fur- 

face of this water B, its body fo tranfparent, that feveral 

little white fibres were difcovered therein, the two mid? 

dlemoft of which being a little feparated, and proceeding 

from the extremity of the body, run parallel to each, 

other, and are united by an arch near the head : it hath 

two black eyes, and two hooks in the fore part of its 

head, as reprefen ted at fig. 233. At G of the fame fig. 

is feen another of a curious form, found alfo in this in? 

fufion. 

Some pinks being infufed in boiling water, which in 

eleven days time fwarmed with animalcules, but very 

fmall, and on the fifteenth day were not to be found, 

only fome worms might be feen on the furface thereof 

with the naked eye. 

Of a cold infufion made of a nofegay, com- 

pofed of pinks, rofes, and jeilamin. 

HIS infufion was made the eleventh of May, and 

JL the nofegay cut into pieces for the better placing 

it in the vefiel, and in about three or four days a great 

number of minute animalcules, and fome larger ones, 

were found therein; their figures, colour and motions 

are fo various, that it wpuld be a talk too long to under¬ 

take a defcription thereof. Neverthelels I cannot pafs 

over in filence an animalcule that was found in this 

liquor on the beginning of September. It confided of 

jthree didindt parts, fig. 234. The fird part A is its 

&ead, which advances and retires by jerks. the trunk. 

f J-obJott’s Obferv. zS? 
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of its body, and C its tail, it is of a tranfparent white, 

and often draws its tail in, atrth'e end of which are two 

black hairs I) D» 

Of an iriftmon of blue-botties. 

TilE flalks of a large nofegay of blue-bottles with 

fome of the flowers, were put into cold water on 

the fecond day of June, and at the fame time fome of the 

flowers by themfelves were put into a glafs of water j in, 

twelve hours time the microfcope difcovered feveral ani¬ 

malcules of the form of fig. 235. in a fmall drop of this 

liquor. And the next evening four other forts, very 

tranfparent, of an oval figure, unequal in fize, and dif¬ 

ferent in their motion. The fifth of the fame month, 

another fort of the fhape of fig. 236. appeared therein ; 

and on the fixth a new fort, ABC, Fig. 237. with an 

©val head and a tail, which terminated in a point, being 

five or fix times longer than its body. On the feventh 

day, one of thefe laft was obferved to drag after it a 

bunch of the fediment of the infuflon, which funk to the 

bottom of the concave, upon which the drop of liquor 

was placed for obfervation. It is very pleafimt to behold 

fa fmall an animal endeavouring to pull this bunch about, 

which he, is fcarce able to move, as at I, drawing him- 

feIf back, and wriggling its tail, as at M. Sometimes 

five or fix of thefe animalcules may be feen fattened by 

She tail, to a great bunch of this fediment, that flicks to 

the bottom of the object carrying glafs, drawing them- 

felves nearer to, and retiring farther from it by turns. 

During this exercife, they change their firfl figure, and 

recover it again alternately i and as their tail is naturally 

jftrait, as at I, they endeavour to drag the lump after 

£)ip2> in a right line. 
It 



Of Animalcut a in Fluids. 139 

It is remarkable, that extremely hot weather kills 

them, and in five or fix days they are fucceeded by- 

others. 

We have no reafon to doubt, but thefe minute animal¬ 

cules are furnilhed with eyes, for two of the fame figure 

are often feen to approach each other without touching, 

and then turning, with a prodigious fwiftnefs about their 

own center. 

Another fort is fometimes found in this infufion, whofe 

extremities are terminated by two plane furfaces, parallel 

to each other, as at fig. 238. 

An infufion of tea. 

HAVING put Into the tea-pot as much tea, and 

a lufncient quantity of boiling water, as would 

make fix large cups, on the fifteenth of July ; the tea- 

leaves which remained after the hot infufion, were put 

into a large glafs jar, filled with fpring-water, and ex- 

pofed to the open air for about ten days; after which, in 

the leaf!: drop that could be taken up, when applied to 

the microfcope, were found a fwarm 0 of exceedingly 

minute animalcules, of a round figure, moving fiowly. 

Some days after they were fewer in number, but increafed 

in fize, clearer, much more diftindh, and of an oval 

figure, as at fig. 239. the circumference of their body 

appeared black, but all the reft perfectly white and tranf- 

parent, and now fwam with a furprizing fwiftnefs. Their 

bodies were of fo delicate a confidence, as that their na¬ 

tural figure was prefervea for the fpace of two or three 

minutes after dhey were dead. 

The 

t Jobless Obferv, p. 34, 
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The twenty-third of September, three other forts of 

snore minute animalcules were found in this liquor, and 

frame of the eel-kind alfo. 

An infufion of rafberry-lfalks. 

| ' HIS infufion is one of them which does not caufe 

-*• a difagreeable fniell, neverthelefs it produces Ira 

about twenty-four hours time, the fineft p animalcules 

that are to be met with in fluids, and in as great num¬ 

bers.. Their reprefentation is at o o, Fig. 240. they are 

at hr ft very white and tranfparent but more fo In fome 

place than in others, with little marks upon them, and 

at length this whitenefs changes into a tranfparent yellow 

colour. They may be feen ftretching out and fhortening 

themfelyes from oval to round, by means of obftacles 

which they find in their way. They are often feen to 

hold each other by the beak, and in that pofture they 

move exceeding fail, without quitting their hold, as at 

P. Another fort of animalcule was found in this infu- 

ilon, of the fhape reprefented at Qh; between the middle 

of its body, and the head, was a tranfparent fubftance, 

regularly beating, but fo quick, that the fhape of it 

could not bp difcerned. 

Infufions of fennel, fage, melon, four grapes, 

ftalks, and leaves of marigolds. 

FENNEL, with its large and fmall ftalks, was put 

into cold water to infufe, Auguft eleventh and ora 

the thirteenth following, in the fmalleft drop that cpuld 

poffibly be taken up, and placed upon the objedt carrying 

glafs. 
r joblott's Gbferv, p. 35,' 
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glafs, might be feen a fwarm of an almcft innumerably 

quantity of little animals, reprefented at fig. 241. am on gib 

which were others of a round figure, and about five ©r 

fix times longer. 

The twenty-fecond of Auguft, fome fage leaves were 

infufed in cold water, and retained their natural fmell 

all the time of the infufion* which was about twelve 

days ; nothing was feen in this liquor but fome little ani¬ 

malcules q that appeared no bigger -when magnified, than 

a grain of millet does to the naked eye 5 and an infinite 

number much fmaller, that when magnified, appeared no 

bigger than the fmalleft dot that can be made upon paper, 

with the fineft pen, and a little below the furface of the 

liquor, wras found three very fmall but white worms. 

The twenty-eighth of September, in a drop of this in- 

fufion, was found two forts of minute animalcules, re¬ 

prefented at fig. 242. 

The twenty-fecond of Auguft, fome barberries were” 

put into cold water, which produced animalcula of the 

fhape of T, fig. 243. in twenty-four hours time. 

The twenty-fifth of the fame month, a bit of the rind 

of a melon, with a little of the pulp, and a few of its 

feeds were put into cold water 5 the next morning ap¬ 

peared fome fine tranfparent animalcules, whofe form is 

fliewn at V, fig. 243. Many little white Iongifh bodies 

were alfo found therein, whofe figures are feen at X; 

and other left bodies marked T, without any fenfibie 

motion. 

Some four grapes were alfo infufed in cold water, on 

the fourteenth of Auguft, and on the twentieth, a great 

number of animalcules appeared therein, but fo exceed¬ 

ingly minute, that their fhape could not be diftinguiftied j 

on the twenty-fifth two forts prefented themfelves, one 

as 

^ Joblott’s Obf. p. 37. 
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as fmall as the laft; the other at Y, fig. 244. The fourth 

of September thefe little animalcula were exceedingly 

multiplied and increafed in fize, fbme of them were 

joined together in the form of a figure of 8, as at P, 

fig. 244. and moved fometimes circular and fometimes 

in a right line ; on the eighth of September were found 

upon the crufc, which fwam upon this infufion, feme 

minute worms* and alfo in a drop of the liquor a con- 

liderable quantity of other eel-like animalcula. 

On the 25th of Auguft, fome of the ftalks and leaves" 

of marigolds, were put to fteep in cold water, and eight 

days after there was three forts of animalcula found 

therein; the firft is reprefented at Z, fig. 245. the fe- 

cond at R, of the fame figure \ and the laft, for which 

there was no room in this plate, were of the eel-kind, 

different from thofe in vinegar, and different alfo from 

thefe in pafte. 

Firfl infufion of new hay in cold water. 

THIS infufion ftood but twenty-four hours before 

it was filled with life, and at the end of five or 

fix days, in the moft minute drop of this water, five or 

fix forts of living animalcula were difcoverable 5 diffe¬ 

rent in colour, fize, figure, and motion. 

The fmell of this infufion is very ftrong in hot wea¬ 

ther, but decays as the infufion grows old 1 animalcules 

are very rarely to be met wdth in any other infufion that 

are larger, finer, more tranfparent, or that live fo long 

as thofe found in this. 

The 
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The fecond inftmon of new hay. 

TH E 4th of October fome new bay being put into 

cold water in two different veffels, one of which 

was flopped dofe with a piece of vellum, made, very wet? 

and the other left open: two days after, three forts of 

animalcule were difcover’d in each info (Ion, and alfo a 

fuff-dent quantity of them : this experiment Is a proof, 

that thofe animalcules were produced from eggs, which 

had been depofited by their parent s animals upon the 

bay, and alfo that they were not wafted thither m the 

air. 

The 1.0th of the fame month, more ©F fhefe -animal- 

cula were found in one drop of that infufion, which had 

been covered, than could be feen in the like quantity 

not covered. 

The third experiment made upon the fame hay. 

THE i 3th of October fome of the fame new hay 

was boiled in common water, above a quarter of 

an hour, and an equal quantity of it put into two veffels, 

nearly of the fame iize, one of which was immediately 

cover'd, even before it was cold, and the other left, open, 

in which was found fome animalcula, at the end of a few 

days, and not one in the infufion, which had been co¬ 

vered ;4 after which great care was taken to keep it clofe 

for a confiderahle time, to try if there were any living 

animalcula therein, but none could be found, at length 

it was left open, and in a few days, fome animalcules 

were found therein, which determined that thefe ani¬ 

mals 

* Joblpifs Qbf, p< 39. 5 i&d, p. 40. 
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mals proceeded from the eggs of their parent animals^ 

wafted thither in the air, fince thofe which had beers 

brought there in the hay^ were totally deftroy’d by its 

being boiled in Water. 

A compofition of feveral infufions mixed toge¬ 
ther in one vefiel. 

TAKE equal parts of an infulion of fenrta, of raf* 

berry flalks, and of hay, &c. mix thefe all together, 

.and half an hour afterwards take as ufual a fmall drop of 

this mixture, which being put upon the object carrying 

glafs, and placed before the microfcope, will give you 

the pleafure of feeing in this little drop, the animalcula of 

all the infufions you have mix’d together. u And here it 

is proper to take notice, that all thefe different animal- 

cula cannot fubfifi long in this mixture, each being de- 

firous to remain in its firfl infufion, therefore all forts or 

infufions are not proper to afford the pleafure of this 

fight, for they ought to contain in them fomething upon 

which the animals can fubfifi. 

An infufion of rhubarb. 

RHubarb is a purgative drug, and muff: be a long 

time infufed in water before any animalcula can 

be found therein, or any difagreeable fmeil, for in about 

five weeks there was found only one fort of animalcula, 

which does not merit a particular defcription \ we fhaM 

only fay that the mixture of a drop of this infufion, 

with as much of that of fenna, does not deftroy the ani¬ 

malcula in either ; and that at the end of fiteen days the 

animalcula in the infufion of rhubarb x were all dead. 

Of 
14 Joblott’s Qbfi p. 40. x Ibid p. 48. 
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Of an infufion of mufhrooms. 

A Large mufiiroom being infufed in cold water, pro¬ 

duced from one day to another an aftonifhing mul¬ 

titude of infinitely fmall animalcules, of a round figure, 

which appear’d in a microfcope that magnified twenty- 

five thoufand times, of the fame fize that a grain of 

rape-feed does to the naked eye y. 

The third day fome of a larger fize were found therein, 

with a crooked neck, and very tranfparent; foon after 

a third fort was difcovered of an oval figure, and flutter¬ 

ing motion. 

Of the little flowers of different colours that are 
found in meadows. 

IF fome of thefe flowers, when they are juft blown, 

be put into cold water, in a few days a particular 

fort of animalcule will be found therein, refembling the 

foie of a {hoe, one of which is reprefented at fig. 246. 

Its motion is flow, and its head direddy under the letter 

A; it inclines itfelf towards B and C, ftretching itfelf 

out, and contracting alternately; fometimes all its body 

appears as round as a bowl, at which time the fur- 

face thereof is uneven : their body is marked with lon.o-ifh 

fpots, and is fo tranfparent, that all their inteftines, and 

the periftaltic motion may be diftinguiftied, which are 

a very agreeable fight. z Thefe larger fort appear at 

the beginning of the infufion, but at the end of fifteen 

days a great number of thofe reprefented at fig. 247. were 

feen therein, which is contrary to what generally hap¬ 

pens in other infufions, where the fmalleft appear firft. 

L Of 

y Joblott’s Obf. p. 48. 2 Ibid p. 49, 
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Of an infufion of fweet bafil, which fmelis like 
citron. 

THREE Forts of animalcules {hew themfelves in a 

few days after fweet bafil hath been infufed in com¬ 

mon water$ the firft are feen at A, fig. 248. the fecond 

at B, and thofe of the third fort almoft like that re- 

prefented at C This Iaft fwims in a fpiral line, folding 

and unfolding its body every way. 

A, B, C, fig. 249. reprefents the animalcules found 

in the infufion of new hay, the colour of one, and figure 

of the other, was the occafion of calling one golden, 

and the other filver bag-pipe. That fort reprefented 

at D E, are called clubs ; the head whereof is feen at 

D. Thefe animalcules extend and contract, twill and 

untwift themfelves feveral ways. 

Infuhon of blue-bottles. 

FIG 250. reprefents a new fort of animalcula found 

in this infufion of blue-bottles. A fhews the head, 

B its tail, C D its breadth, which feems divided through¬ 

out its whole length by a curved line, drawn from B 

towards A; that part of the body marked C, feem’d to 

be filled with feveral little globules, lefs tranfparent on 

this fide, than on that marked D; the neck of this 

animal, which is very long, {hortens itfelf from time 

to time, as does alfo the hinder part, marked B a. It 

fwims extraordinary flow, and does not live upon the 

objell-carrying glafs above five or fix minutes, but two 

of thefe were difcovered in five or fix drops, and the fe¬ 

cond, 

» Joblott’s Obf, p. 51. 



Of Animalcule, in Fluids. 147 

cond, fig. 251. was fomething different from the firft, 

for its body B C was furnifhed with little globules, that 

render’d it Iefs tranfparent than the firft was, at A B 

and C D. 

Infufion of old hay. 

IN this infufion were two forts of animalcules that 

merit a particular defcription. The leaf; is feen at 

fig. 252. it was of a tranfparent white; A its head, B 

its forked tail, with which it pufhes itfelf forward ; and 

it fwims fo fteadily that no particular motion of its body 

can be difcerned. 

The fecond fort are mere extraordinary and furpri- 

fmg, as well in fize as other circumftances ; two of them 

are reprefented at fig. 253 and 254. marked A, C, D, B, 

and ACEFB; A fhews the head, B its forked tail, C 

its heart, which may be feen in a regular motion, and 

D its inteftines. It is called an aquatic caterpillar; 

there are two different colours of them, one of a tran¬ 

fparent white, the other of a pale yellow. In moving 

on the objedfc-carrying glafs, they firft fix the points B, 

and then extending their body as much as poflible, reft 

tne fore part upon another place, and draw up the hinder 

part, and then again fix the point B as before, and fa on ; 

they ado fix the points of their tail to the objedt-carrying 

gluts, and itretch out and retradt themfelves by jerks, 

and fometimes turn round about upon the point B, at 

ether times they fpring forwards with a fudden jerk, and 

fwim about for fome time. 

vv hen they reft themfelves, they commonly open their 

mouths very wide as at A, fig. 254. its lips alfo are fur- 

niftud with hairs, as exprefted in the figure, which move 

very quick j it is really fmprifing to fee how haftily they 

^ 2 fwallow 
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fwallow down other fmaller animalcula that happens to 

he within the reach of their mouths. At certain times 

all the hairs at the hinder part of their body which ftand 

upright, are feen to lie down from E F to B. -The cir¬ 

cumference of the body feemed indented like the teeth 

of a faw, which upon a clofer examination was difcovered 

to be ringlets lying one over another, coming out with 

a farprifing fwiftnefs, and fometimes even the nervous 

fibres were vifible, extending from head to tail, fwelling 

and contracting alternately as they crawled along. 

A mixture of the infufions of hay and celery, does no 

hurt to either of the animalcula of the two liquors; but 

the leaf!: drop of this mixture affords a very pleafant 

profpeCt to the fpeCfator, who will in an inftant difcover 

variety of thefe fifh-like animalcules of different forts, 

moving in all directions. 

See alfo a defign of another aquatic caterpillar at fig. 

255. it was fiftied out of an infufion made of the ftalks of 

a nofegay compofed of pinks, jeffamin, tuberofe, and 

other flowers; this differs from the foregoing: firft, in 

being longer 5 fecond, that its tail marked I, is com¬ 

pofed of three points inftead of two; third, that it hath 

two little arms L M, one on each fide its heart a j 

fourth, that its inteftines marked b are without any vi¬ 

fible feparation; and laftly, that neither ringlets, faw- 

like teeth, nervous fibres, nor hairs in the length of its 

tail could be difcovered in this animalcule, but in all 

other refpe&s it was the fame as the foregoing cater¬ 

pillar. 
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Of Animalcula in Fluids, 

An infufion of citron flowers. 

IN Auguft fome of thefe flowers were put into cold 

water, in a few days three forts of animalcules were 

feen therein, which did not merit a figurative reprefenta- 

tion. But fome time after others appeared, called tor- 

toife, one of which is reprefented at fig. 256. Its head, 

though large, is very fhort, and adorned with two horns 

like thofe of a deer: its body feemed to be covered with 

fcales, its tail very long, and fwift in motion. 

Infuflon of anemony. 

NAture is pleafed to diverfify all her productions, 

and is furprifingly admirable in all her works, by 

continuing to give us proofs thereof in this infufion of 

anemony prepared after the ordinary manner with cold 

water, which at tire end of eight days afforded a new ani¬ 

malcule, reprefented at fig. 257 b. 

All the furface of its back is covered with a very 

fine mafk in form of a human face, perfectly well made, 

as appears in the figure. It hath three feet on each fide, 

and a tail coming out from under the mafk. 

Infufions of three different portions of celery 

jftalks and leaves, put feperately into diffe¬ 
rent glaffes. 

ON the firft of November fome of the ftalks of ce¬ 

lery were broke into little pieces, and put into the 

firft glafs, and common water poured thereon, and alfo 

upon the green leaves in the fecond glafs, and in the 

;:diid glafs fome pieces of the ftalks with fome of their 

leaves with water, 

B 3 Seven 

b Joblott’s Obf. p. 57. 



Of Antmalcula in Fluids. 

Seven days after thefe preparations, fome animalcules 

were found in each of them, two forts in the firft, and 

but one only fort in both the other : but in about a 

month’s time all the three infufions contained ten dif¬ 

ferent forts both in flrape and ftze. 

Thofe of fig. 258. and 259- are the frnalleft; but in 

number they exceed all the other; when coupled they re - 

femble a figure of 8, as at a, fig. 259. Thefe alfo are 

called bag-pipes ; they couple by the beak, which is a 

little crooked and iharp, and notwithftanding this coup¬ 

ling they fwim very, fail, diving to the bottom of the drop 

of liquor which is placed upon the objeft carrying glafs, 

and rifing up again to the top thereof alternately; they 

Separate from, and approach each other, without inter- 

miffion. Thefe bagpipe-like animalcules are not entirely 

alike; but there is in thefe, as in all other animals, dif¬ 

ferent forts of them. 

Some of them fwim alone with a furprifing rapidity, 

while others advance with a moderate fwiftnefs, fome go 

very flow, and others reft quiet for a long time together; 

but the greater part of them are in a perpetual agitation; 

fome of them are long, fome foort, others as white as 

filver, fome of a golden colour, and others brown. 

It is a fingular curiofity to obferve what pafles upon 

the furface and all around the circumference of a mafs of 

matter which hath formed itfelf into a very little bit of 

thin fkin, fo fmall, that the beft eyes are not able to fee 

it without a microfcope: they are found by chance on 

the furface of the infufion, and are generally fattened to 

the end of the ftalks. If a bit thereof be taken out with 

the point of a pin, and placed upon the objeft-carrying 

glafs before the microfcope, there will be feen fwarms of 

all thefe animalcules we have been fpeaking of. There 

are fuch great numbers of them moving with lo much 

cel e.rity. 
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celerity, that it is troublefome to turn the eye upon a 

fight fo new and furprifing. In certain places thereof 

there are feen fome differently coupled. Others alfo, that 

reft themfelves, and keep the watch as foldiers do, which 

feera apprehenllve of being furprifed; whilft others go out 

a good way from the mafs as though they would make 

fome difcovery, then they return again as if they had 

fomething to relate to thofe which kept the watch, and 

this is feen all round the mafs. 

Ill another drop, taken from another place of the fame 

veffel, has been often feen another new and curious fight, 

viz,, that fort of animalcula which are long and flat, called 

foies, and are reprefented by A B C D, in fig. 260. The 

fides of this animalcule are very ftiarp; the head and all 

the reft of its body is transparent, except a few brown 

fpots which appear within. The different poftures, and 

the variety of motions obfervable in thefe animalcula, 

caufe more pleafure in beholding them through a microf- 

cope, and greater fatisfa&ion than can poftibly be ima¬ 

gined by reading the moft particular defcription of them. 

In the glafs where only the leaves were infufed, there 

were amongft others fome animalcules like thofe exprel- 

led at E, f, Gr, fig. 261. at one end of thefe figures may 

be feen a confiderable opening which is their mouth, and 

appears fometimes round as at F, and fometimes ovalifh 

as at E and G ; at other times it is fo firmly doled as 

not to be difcovered. It fwims by jolts, and ballancing 

from right to left, conducting itfelf in appearance by a 

circular motion of its head. It alfo changes its figure by 

folding, unfolding, and fuddenly rolling itfelf up in the. 

form ot a ball, and then alternately ftretching out again 

very quick into its natural ftate. 

There is another fort of animalcula that appears to 

have neither head nor eyes, and are reprefented at HI K, 

L 4 fig. 
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fig, 262. their body ends in a long tranfparent tail, and 

motion generally very flow.. They are frequently ob~ 

ferved to have a bit of the {kin (which is formed on the 

furface of the infufion) flicking to their tail as at L* 

fometimes they drag it after them, at other times it hap¬ 

pens to hick to the object-carrying glafs, at which time 

they draw themfelves back on a hidden towards it, and 

then ftretch out again very flowly. 

In the leaf! drop that could be taken up from the 

third glafs, wherein the leaves, ffalks, and roots were 

mixed, was fuch an infinite number of thofe little ani- 

malcula reprefented at fig. 258. that they could fcarce 

find room enough to pafs between each other. 

There was alfo a large oval animalcule, as at M N, 

fig. 263. its head could not be diftingaiflied. 

In a fecond infufion of the leaves of celery was a new 

animalcule, reprefented at fig. 264. its head is feen at O, 

and is befet with long hairs that move alternately, its 

motion is flow and figure uncertain, appearing fometimes 

under the form of a bag-pipe, and at others, under that 

of a crofs. 

Fig. 265. reprefents another fort of animalcule of a 

fpheroidical figure -s another fort at fig. 266. and others 

like fig, 267. this lafl: moves with a furprizing velocity, 

and frequently turns itfelf upfide down. 

Amongft other infufions of celery, was found an ani¬ 

malcule in the ihape of a bottle, as at fig. 268. Fig. 

269. exhibits another fort of the bagpipe-like animal¬ 

cules, two of which are feen at P, differently coupled 

from any of the foregoing. 

Laftly, at fig. 270. is reprefented a moft extraordinary 

animalcule, almoft round, its body covered with hairs, 

and motion circular. 

Of 
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Of infuiions of ftraw and the ears of wheat. 

IN the beginning of March, fome wheaten ftraw, and 

two ears of wheat were put into cold water, the 

fecond whereof produced animalcules of the fhape of 

fig. 269. 

Others alfo were found therein, reprefented at fig. 271. 

its mouth is feen at A, the infide of its body was filled 

with a quantity of little white and brown tranfparent 

corpufcles. 

A third fort is reprefented at fig. 272. turning accord- 

ing to the order of the letters ABC, and moving flowly, 

its colour like that of unpolifhed filver, ftrewed with 

little brown fpots. Its head is feen at A, tail at B, and 

back at C. 

Another fort of animalcule is feen therein of an oval 

form, and one called a golden bottle, reprefented at fig. 

276. its mouth is fometimes fixed to a round body, to 

which it ftrongly adheres, as at fig. 273. 

Another fort called foies, contracting and ftretching 

themfelves out as they fwim along, which is very quick, 

are reprefented at fig. 274. 

See alfo another fort, at fig. 275. their mouth is at A, 

which is fometimes extended to a great width. B C is 

the tail. 

Fig. 277, reprefents an animalcule with a fwan-like 

neck. A is its head, B its tail, and C its body. They 

are of two forts, one very tranfparent, and the infide of 

the body of the other brownilh. Their intelfines may 

be feen in motion. 

The animalcules S and T, fig. 278. are thofe which 

Were before called water-fpiders, or rather greedy guts, 

from 
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from. the quantity of other minute anhnalcula they 

fvv allow. 

That reprefented fig. 279. is the only one of its fort 

found in the infufton of wheaten ftraw. Its figure is 

like a purfe, its mouth large, and here reprefented open; 

hut when it ftretches itfelf out for fwimming, it is fo 

neatly fhirt, as to enclofe its horns. 

Fig. 280. exhibits an animalcule, called a little foie ; 

and at fig. 281* and 282. are two others that move ex- 

treamly flow, and are thoufand times fmaller than an 

hair c. 

Fig. 283. reprefents a worm-like animalcule, compofed 

of a great number of very fmall fpiral rings, whofe ex¬ 

tremities are terminated in very long, and exceeding fine 

points.. 

Of aquatic pomegranates. 

name of aquatic pomegranates, crowned 

and bearded, is given to the animalcula, which are 

reprefented by the figures 284, 285, 286, 287, 288, and 

289. becaufe their fhape in fome meafure refembles that 

fruit d j they were found in a fmall drop of an infufion 

of wheaten ftraw, and feen with a lens one eighth of an 

inch focus. 

They appeared of a fine tianfparent amber colour, 

which therefore affords a curious fight of their inteftines; 

the fever.d forms under which this animalcule appears, 

require a particular defcription, which take as follows : 

In fig. 284. under the letters ABC D, are flievvn four 

little eminencies, adorned with hairs, which remain but 

a fhort time in this fituation, for that marked B joins A, 

and 

c Joblottk Obf pt 67, d Joblott’s Obf. p. 68, 
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and C unites with D fo clofely, that they then appear 

as at A D, fig= 285. Thefe increafed eminencies, form 

the feparated lips of this animalcule, and the regular mo¬ 

tion of the hairs with which they are adorned, obliges all 

minute bodies, at a fmall diftance from thefe lips, to 

enter into its mouth. Part of which is alio as ttrongly 

repelled, as it was greedily fwallowed. 

All the protuberances A, B, C, D, of fig. 284. or 

the two of fig. 285. contradfing themfelves a little to¬ 

wards E, difcover a fort of crown, with four points, re- 

prefented at fig. 286. which are prefently covered again 

with thefe eminencies, and then expofed again, and fo 

on. 

In each of thefe figures, at E, is feen a regular pul¬ 

iation, fuppofed to be its heart; it feems to be embraced 

by two lobes, that feparate and join alternately, which 

probably are the lungs; from thefe proceed two little 

ligaments at G, towards the inteftines, whofe periftaltic 

motion is alfo very regular. 

The tail of this animalcule appeared fometimes round 

and clofe, at other times open, when two little points, 

as at H, fig. 284. might be feen. 

One of thefe animalcules had four of thofe fharp points, 

fig. 287. placed two on each fide the anus 3 between 

which a long tail I L is protruded, and drawn in again 

with great fwiftnefs: the end L, in feme of thefe animal¬ 

cules, appeared forked, as fig. 285. the tail can be en¬ 

tirely drawn into the body, at which time the rings that 

compofe it, Aide one over the other, and caufe it to be¬ 

come opake. 

Their eggs are frequently feen fattened to their breech 

by fmall threads 3 fome of the females carry but one, as 

at M, fig. 289. others two, fig. 285. and fome others fix, 

fig. 286. but this is feldom, and then alfo they are final- 

ler. 
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ler. They rub their eggs with their tail, which as it 

enters into, and goes out from the body, turns from one 

fide to the other with a great deal of pliablenefs; thofe 

eggs which are full, appear hanging down, and are very 

regular and bright, thofe that are empty are feen quite 

fiat, and of an oval form, and more tranfparent than the 

others, and although empty, their mothers carry them 

alraoft always fattened to their breech, as at fig. 286. 

Two of thefe eggs were feen in the body of one of thefe 

animalcules, and appeared as at G G, fig. 288. 

Thefe animalcules are a delightful objectt for the mi- 

crofcope, particularly when they tumble over head and 

tail, becaufe they do it dextroufly. Some turn them- 

felves circularly, as much on one fide as the other, and 

about the point F, which is the center of gravity of their 

bodies. 

Infufion of the bark of an oak. 

SO M E of this bark being put into' cold water, the 

fifteenth of December, and examined feveral times 

for the fpace of a whole year, during which time the fol¬ 

lowing animalcules were difcovered. The firft was called 

a tortoife with an umbelical tail, fig. 290. This infedfc 

ttretches out and contracts itfelf very eafily, fometimes 

affuming a round figure, which it does not retain above 

a moment; then opening its mouth to a furprizing 

width, forms nearly the circumference of a circle ; its 

lips are furnifhed with hairs, whofe motion is very 

pleafant, becaufe it obliges fome of the adjacent little 

bodies, to precipitate into its ftomach, where that which 

is fit for food remains, while the other is repelled with 

great velocity; its motion is very furprifing and fin- 

eular. 
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Fig. 291- is another fort of animalcula with an umbe- 

lical tail, differing only from the former in having its 

mouth fixed, and tail without any feparation. 

Fig. 292. reprefents another of the fame fort, altho* 

under a form fomewhat different 3 the top of its head is 

double, and two prominencies appear thereon under 

the form of horns, which were intirely covered in the 

other. © 

That reprefented at fig. 293. is called a water-rat, its 

head well fhaped, and lips adorned with long hairs. 

Another fort at fig. 294. is called a crab’s claw, be- 

caufe of its two crooked beaks, whofe motion as well as 

that of its body is very flow, its body is adorned with 

a great number ,of fhining globules. 

Fig. 295. is called a club, its head large in proportion 

to its body, which ends in a point, the infide of which 

is ftrewed with little grains both tranfparent and opake. 

That fort exhibited by fig. 296. is called a filk-worm’s 

bag, becaufe its body is compofed of feveral rings and 

longitudinal fibres, the Ihape of its head is fo nearly like 

that of the tail, that it can only be diftinguilhed by its 

fwimming. 

The animalcule, fig. 297. is called a fpheroid, its head 

is feen at A, a little below which may be feen its heart 

regularly beating -} and feveral round bodies of different 

fizes, which probably were its eggs. 

There are in this infufion feveral forts of eels, diffe¬ 

rent amongft themfelves, and different alfo from thofe 

found in vinegar. 

Fig. 298. reprefents one of them very thick with refpeft 

to its length, which was ftored with a confiderable num¬ 

ber of exceeding fmall fibres, and others alfo that ran 

fpirally from near its head towards the tail. 

At 
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■At fig. 299. is exhibited another kind of eel-like ani- 

m a leu hi of great vivacity. 

Another of a larger fize is alfo reprefented at fig. 300. 

that had been dead for fome time, when by chance a little 

eel e was difeovered fluttering very much to get out of 

the belly of its mother, but not being able to do it, at 

Iaft died therein. 

This observation is a fuffieient proof that the eggs of 

thefe eel-like animalcula are hatched in their mother’s 

body. 

Fig. 301. reprefents an animalcule, called a weaver’s 

(huttle; it fwims fmoothly, having in the middle of its 

body feveral little corpufcles refembling eggs. 

Fig. 302. is called the beak of an halbert, its head ends 

in a point; the other extremity of its body is like a drop, 

and upon the throat are feveral long hairs. 

Fig. 303. is called a water-fpider; it is of a fpherical 

figure, with feveral brown parallel lines, between which 

are fome fpots browner than the reft of their bodies. 

Fig. 304. is called a drop, its body uniform and tranf- 

parent, its neck long, but a little crooked. 

Fig. 305. is called a flug, its head is round, tail fharp, 

body large in proportion to its length, and becomes fo 

fliort in motion as to appear pretty regular. 

Fig. 306. is called a water caterpillar, they are found 

of different forts, and in feveral infufions of plants; it has 

been before obferved, that the hairs, of which we have 

elfewhere fpoke, are planted on the two lips of this cater¬ 

pillar, which feem to turn at certain times like the rowel 

of a fpur. 

Fig. 307. is called the great aquatic fpider, its figure 

fbmewhat evalifh, mouth a little funk, which appears 

fome- 

e Joblotfs Gbf. tv. 76. 
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fometimes to reach to the middle of its body, its lips are 

adorned with hairs in motion, which feem to have a. 

communication with a little part that probably may be 

the heart, and lungs furrounding it; its hinder part is 

alfo furnifhed with hairs that form a kind of tail; a 

little above the anus is a brown fpot, fuppofed to be the 

excrement; the reft of their body is generally ftored with 

little regular corpufcles. 

This fort of animalcule is alfo found in infufions of 

wheaten ftraw, in that of barley mixt with fome of the 

ears ; in Turkey corn, Indian cane, in the wood and 

bark of acaias, or in that of whole pepper, &c. All thefe 

different forts of water-fpiders, have hairs round their 

body, inclining a little from their head towards their tail, 

and may be feen with a lens of one twelfth part of an 

inch fGcus. 

Fig. 308. is called great mouth, becaufe its mouth 

takes up about half the length of its body ; its upper lip 

is much longer than the lower, and are each adorned 

with little hairs; its infide is filled with darkifn fpots, 

and hinder part terminated with a fingular tail. 

ig- 3°F> ^ ^ ^0 F named a funnel, and is here re- 

prefented under three different forms, in the middle one 

the mouth is open and round, the infide of its lips are 

adorned with little hairs, which have a quick motion; 

the infide of its body ftrewed with many little irregular 

fpots, and its long tail generally drags after it little pieces 

of fkin faften’d to its extremity. The fecond is feen at 

A with its mouth fhut; and the third at C, whofe body 

is rounder, and its tail at certain times twifted the 

form of a cork-fcrew. 

^!g’ 310- hath a head like clover grafs, and a forked 

tail; its mouth very fmall and round. 
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Fig. 311. is called a fock, the inlide of its body is 

adorned with feveral tranfparent fpots, which appear like 

eggs. 

At the time this infufion was intended to be thrown 

away, it was thought proper to put a drop of it upon 

the objedfc-carrying glafs, and to examine it by the mi- 

crofcope, whereupon one of the moil particular of all the 

foregoing animalcula was found therein. It is a kind 

of water caterpillar, and fo fcarce, that no more than 

feven or eight could be found in many trials during 

three days. Fig. 312. Ihews three reprefentations of 

one of them; in that exhibited by A B, its body is feen 

to be compofed of feveral ringlets, that enter one into 

the other, as the animalcule contrasts itfelf it pufbes 

out of its mouth a fnout compofed of feveral pieces 

Breathed in each other, which are fliewn at A C and D. 

The extremity of this fnout appears to be perforated in 

fome pofitions as at D; it is fometimes fplit in two 

parts, at other times into three, as at A, where they form 

two or three little protuberances. At LL are feen two 

lips furnifhed with moveable hairs. In other pofitions 

not one hair can be feen. While thefe things were ob- 

feiving, a kind of horn F, was fuddenly protruded from 

its bread;: its whole length appear’d to be compofed of 

feveral furbelows of unequal thickneffes, which go one 

into another like the drawers of a pocket telefcope : at 

its tail are two very fharp points as at B E, and in fome 

particular pofitions it appears in three parts as at I. 

Infufion of the bark of a young oak. 
t 

ABOUT the twenty-fifth of December feveral lit¬ 

tle pieces of the bark taken from off a branch of 

young oaks were put into cold water, and in two hours 

after 
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after fome of thofe animalcules called filler bag pipes 

were feen therein j and on the fifteenth of January, in a 

very final! drop, was feen feveral new ones. Some of 

them Mr. Joblott called caterpillars, others {lockings, 

flirrup-fiockings, &c. 

Thofe reprefented at fig. 313. are called golden cater¬ 

pillars, being of an amber-colour ; the longitudinal fibres 

are feen from one end of its body to the other, between 

which are little irregular globules. 

Fig. 314. is called a ftirrup-ftocking; at C is a great 

opening which changes its fiiape every moment, and ap¬ 

peared to be its mouth ; the lips were fometimes fo ex¬ 

tended as to ferve it for a rudder to fleer its courie; its 

body was belet with extremely fmall hairs. 

That reprefented at fig. 315. is in the form of a fifii- 

ing -net. 

Fig. 316. is another, of which the part G H refembles 

an ill-fhaped leg; the middle of its body appeared to be 

tied with an invifible ligature. 

Fig. 317. is called a club, its mouth intirely clofe, and 

body fhaped like one; feveral little globules were feen 

within-fide, luppofed to be eggs. 

Laftly, at fig. 318. is one of another kind of the bot¬ 

tle fort, which fwam among!! the proceeding ones j and 

alfo a great number of other forts, which do not merit a 

defcription. The cold weather increafed fo fail, that in 

fifteen days time all the animalcules in this infufion 

were deftroyed. 

Of fome other larger aquatic animals. 

"'HE waters every where are flocked with life-, 

which makes the fubjecl endiefs for the employ¬ 

ment of the microfcope; feas, rivers, ponds, ditches, and 

M almost 
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almoft every puddle, can prefent us with living wonders; 

but as thefe examinations have been very little attended 

to even by thofe who are fupplied with microfcopes, I 

hope thefe directions and the variable microfcope, will 

be a means to whet the inclinations of the induftri- 

ous enquirer, the difficulties in the ufe of the common 

inftruments being here removed. 

Mr. Leeuwenhoek found fome furprifing animalcules, 

adhering to the lens paluftris f, or duck-weed, which he 

examined in a glafs tube filled with water; one fort of 

thefe were fhaped like bells, with long tails, whereby 

they faftened themfelves to the roots of thefe weeds. 

H M, fig. 310. reprefents a fmall part of the root, as it 

appear’d in the microfcope, fuppofed to be almoft wi¬ 

thered and over-grown, with a great many long parti¬ 

cles which are feen between K and L. The animal- 

cula reprefenting little bells, g are feen at I S T. 

On feveral of thefe roots were obferved one, and fome- 

times two (heaths or cafes of various fizes fattened thereto 

by the fmall end : the largeft is exhibited at R X Y, 

out of which (heath appeared a little animal, whofe fore 

part was roundifti as at X Y Z, from whence proceeded 

two little wheels that had a fwift gyration always one 

•and the fame way, and were thickly fet with teeth or 

notches as at P Q_R S. When they have for fome time 

exerted their circular motion, they draw the wheels into 

their bodies, and their bodies wholly into their (heath, 

and foon after thruft themfelves out again and renew the 

aforefaid motion. Mr. Leeuwenhoek obferved the cafe 

of one of thefe animalcules to be compofed of round bub¬ 

bles, h as is reprefented at N, O, T. When this ani¬ 

malcule had thruft that part of its body from O to P, 

out 

f Phil. Tranf. No. 283, 293, 337. s Ibid. No. 283. 

* Ibid. No. 295. 
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out of its Iheath N O, it extruded at the fame time that 

furprifing wheel-work (which before was taken for two 

diftindl little wheels, and was here plainly feen to be 

but one and the fame circumvolution) that con filled of 

four round parts P QJR. S, three of which were to b« 

feen, the fourth being almoll hid ; its motion was from 

P to Q, according to the order of the letters. Fig. 320. 

reprefents the wheel-'work by itfelf, and larger than it 

appeared to the fight. 

Mr. Leeuwenhoek found feveral kinds of thefe wheel- 

work animalcula in the Hi my matter which is to be found 

in leaden pipes, or 1 gutters; when the water dries away 

they contradl themfelves into an oval figure, and a reddilh 

colour, and become fixed in the dry dirt, which grows 

as hard as clay ; but if to this dirt you put water, in a- 

bout half an hour’s time they open, and by degrees ex¬ 

tend their bodies and fwim about; and this they did after 

fome of this gutter-dirt had been kept dry for twenty- 

one months together: whence he concludes, that the 

pores of their fkin are fo perfedly doled as to prevent all 

perfpiration, by which means they are preferyed till rain 

falls, when they open their bodies, fwim about, and take 

in nourilhment. 

Fig. 321. and 322. reprefents two of them in different 

pofitions, and fig. 323. Ihews how they appear when dry 

and contradled. 

Several fpecies both of cruftaceOus and tellaceous ani¬ 

malcules are to be found in the waters of ditches 5 two 

of the former fort are reprefented in fig. 324. 325. in the 

pollure they fwim with their backs next the eye; their 

legs are fomething like thofe of fhrimps or lobilers, but 

of a llrudlure much more curious; they are lefs than a 

very fmali flea, are all breeders k, and carry their fpawn 

M2 ill 

1 Leeuwenhoek’s Arc. Nat. Tom. ii. ErjU. 149. k Phil, 
Tranf. No. 288. 
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in two bags, which hang from their fides, or under their 

tail, as in fig. 325. Thefe bags are fometimes feen 

broke, and the fpawn fcattered about the water. There 

is a third fort amongft thefe as beautiful as the foregoing, 

but not near fo large ; its fhape nearly refembles a fhrimp, 

and carries its fpawn as the fhrimp does. Thefe three 

kinds of animalcula have but one eye, and that placed 

in the middle of their forehead ; they are often to be found 

fo tranfparent, that the motion of their bowels is very 

plainly difcovered by the microfcope, together with a 

regular puliation in a little part, which we may fuppofe 

the heart. 

In the fummer-time it is common for the water in 

ditches to appear fometimes of a greenifh, and fometimes 

of a brownifh colour, which upon examination by the 

microfcope is found to confift in infinite numbers of ani¬ 

malcula, blended together on the furface of it, and giving 

it fuch an appearance; their fhape is oval, but the mid¬ 

dle either green or red, feems to be compofed of globules, 

refembling the roes or fpawn of fifhes. 

Of the frefh water polipe, with arms in form of 

horns 5 of their motion and ftrudture. 

r~T*\ H E nature of this infeed is both extraordinary, 

jL and contrary to the general received opinions of 

animal life, and requires the moil: convincing proofs to 

perfuade many people into a belief thereof. In order 

therefore to clear up this peculiar affair, I fhall lay before 

the reader the following obfervations, which were made 

by Mr. Trembly, and alfo affine him, that I have repeated 

the major part of his experiments on this animal with 

the fame fuccefs. 
And 
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And firft thefe animals were not hitherto entirely un¬ 

known, for Mr. Leeuwenhoek gives a defcription of a 

furprizing fort of minute animal, in the Philofophical 

Tranfactions, number 283. It is reprefented at fig. 328. 

as it appear’d fattened to a root of duck-weed, whilft in 

the water, and about three times bigger than it appeared 

to the naked eye; this was a large one of the fort, and 

had eight horns : at C is fhewn a very fmall animalcule 

coming out of the other’s body, fuppofed at firft to be 

fattened thereto by fome accident; but on a clofer exa¬ 

mination, was found to be a young one in the birth, al¬ 

though it had at firft but four fmall horns; after fixteen 

hours its horns and body was grown much larger, and 

in four hours more was quite excluded its mother’s 

body ; againft this on the other fide appeared a little round 

knob, which gradually increafed in bignefs, and in a few 

hours was pointed as at D, fig. 328. About fourteen 

hours after it was grown much larger, and had two horns; 

three hours after it alfo fell off from its mother and 

fhifted for itfelf. 

An Englifh gentleman 1 difcovered one of them in fom£ 

clear water taken out of a ditch; but with the utmott 

attention he could find no more therein. It appeared 

the firff day as at fig. 326. but varied every moment, and 

the knob at a, looked like the gut cenum ; two or three 

days after he obferved fome white fibres at the extremity 

of the knob ; on the fourth it was extended at full length, 

and appeared as fig. 327* which then convinced him 

this excrefcence was really an animalcule of the fame 

fpecies, having fix horns; next day he found it feparated 

from its mother; it is feen in its contracted ftate as deli¬ 

neated by this gentleman at fig. 329; and 330. 

M 3 

1 Phil. Tranf, No. 2S8. 

There 
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There is a near agreement between the obfervatioits of 

thefe two gentlemen, both of them having difcovered 

the moft remarkable property of the polypes, that is to 

fay* their natural manner of multiplying. They have 

alfo given us their exterior figure, and fome of their 

motions ; but their more furprifing properties, were re- 

ferved for the difcovery of the inquifitive and happy genius 

of Mr. Trembley. It was alfo known to feveral .other 

gentlemen before him, but none of them difcovered this 

remarkable re-produdtion, which is found in the different 

parts of a polype after they are feparated, each diftintb 

piece becoming as perfect an animal a‘s that of which it 

was only a part. 

Mr. Trembley having taken notice of fome plants, 

which he had taken out of a ditch, and put into a large 

glafs full of water, and employing himfelf in confidering 

the infefib therein contained, he caft his eye upon a po- 

' lype, which was fixed to the ftalk of an aquatic plant, 

and is reprefented at fig. 331. 

Their bodies a b are very fmall, and from one of their 

extremities at a, proceed feveral horns, a, c, which ferve 

them for feet and arms, and are much fmaller than their 

bodies. I call the extremity a, anterior, becaufe it is 

the polype’s head j and the oppolite extremity b, pofterior. 

The firfit fort of polypes Mr. Trembley found, were of 

a fine green colour, and in the pofture of thofe repre¬ 

fented by fig. 331. The firfl motion he obferved in them 

was that of their arms, which they extend and contradl, 

bend and wind divers ways; they alfo contract their 

bodies upon the lead: touch, fo fhort that they appear 

only like a grain of matter. They conftantly turn them- 

felves towards the light; for if that part of the glafs in 

which they are, be frequently turned from the light, 

they will be found the next day to have removed them- 
felves 
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felves to the light fide of the glafs, the dark fide being 

quite depopulated. 

For Mr. Trembley inclofed a great glafs well ftored 

with green polypes, in a pafte-board box, which had a 

hole cut on one fide in the form of a chevron, that ex¬ 

actly anfwered to the middle of the glafs in- which'the 

polypes were : when this hole was turned to the light, it 

always happened, that the polypes afiembled themfelves 

together at that fide of the glafs, and alfo in the form of 

the chevron; although the glafs was turned feveral times 

in this box, yet at the end of a few days the polypes 

were always found ranged as before. To vary this ex¬ 

periment, he turned the chevron upfide-down, and not- 

withftanding this, the polypes always afiembled them¬ 

felves together, and in the form of the chevron, whether 

right or inverted. 

The twenty-fifth of November 1740, Mr. Trembley 

cut a polype tranfverfly (for the firft time) but the head 

part a little fhorter than the tail parr, and put the two 

parts into a flat glafs, in which the height of the water 

did not exceed a quarter of an inch, by which means 

they might be eafily obferved with a pretty deep magni¬ 

fying glafs. 

In that inftant the polype was cut, both parts con¬ 

tracted, and funk to the bottom of the glafs, like two 

little grains of green matter. Some few hours after both 

the parts ftretched themfelves out, and were eafily to be 

diftinguifhed from each other, the anterior end of the 

frit being furnifhed with horns, whereas the other had 

none at all. 

ft he firft part moved its arms, and the next day he 

faw it change its place in the glafs, and both were ob- 

ierv ed to extend and contract themfelves for feveral 
days, 

M 4 He 
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Fie only looked upon the motion of thefe two parts, 

as figns of the weak remains of life, efpecially with re- 

Ipedt to the hinder part, and therefore obferved it only 

to know how long it would remain alive, not in the lead: 

hoping to be the fpecfator of this fo marvellous a re¬ 

production. 

But obferving the cut pieces on the ninth day with a 

magnifying glafs, perceived three little points coming 

out from the edges of the anterior end of the feCond part, 

which had neither head nor arms. The next day he was 

convinced they were arms, and the day following two 

new arms came out, and fome days after three more ; 

this fecond part had then eight, which in a little time 

was as long as thofe of the fir ft part, fo that now there 

was no difference between the fecond part, and a polype 

that had never been cut. They both appeared fenfible, 

being each of them compleat polypes, and performing all 

the known functions of ftretching themfelves out, con¬ 

tracting and walking. 

After this he difcovered one in a great glafs he had by 

him, which was well ftored with green polypes, from 

which young ones began to Ihoot. 

In the month of April he found a new fort of polypes, 

reprefented at fig. 332. and foon after faw them eat and 

fwallow down worms longer than themfelves, and to 

tligeft them and be nourifhed therewith ; therefore this is 

a certain proof of their being animals. 

They are to be found indifferently upon all forts of 

aquatic plants, and other bodies that are in the water 

(upon which they fix themfelves by the tail) at the bot¬ 

tom of ditches, and are fufpended upon the furface of 

tfie water, upon branches of trees, boards, rotten leaves, 

bits of ftraw3 ftones, and many of them Mr. Trembley 

hath 
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hath found on the bodies of divers animals, as on the 

fhells of friails, &c. 

The belt way to find them, is to take up the different 

bodies and put them in glaffes full of water, and if there 

are any polypes, they will foon be perceived adhering to 

thofe bodies and moving their arms. 

Mr. Trembley hath alfo taken the trouble of going 

often to the fides of thd ditch in which he found them, 

at a time when the fun fhone upon the bottom of the 

water, and chofe thofe places where the water was clear, 

and that had an eafy declivity, and fays, he hath diftin&ly 

feen them at the bottom of the water, on all the bodies 

that were therein, and on its fuperficies; by which means 

he acquired thofe ideas concerning them, he could never 

have attained to without this precaution. 

The moft common pofture they are generally found in, 

whether in their ordinary places of abode, or in glaffes, is 

reprefented by the figures 331. and 332. The pofterior 

end b, of the polype a b, is fixed againft a plant e f, 

fig. 331. or againft a ftraw g h, fig. 332. the body a b, 

and arms a c, being extended in the water. 

The general figure of the polype’s body in this atti¬ 

tude is not perfectly the fame; in the three kinds of po¬ 

lypes here deferibed, the body of the green ones, fig. 331. 

diminifh from their anterior to their pofterior end, the 

diminution being almoft infenfible. 

That fort reprefented fig. 332 are the fame 5 but thofe 

of the third fort, fig. 333. differ from the two preceC' <g 

ones in this refpeeft, that their body does not dimini x- 

fenfibly, but from the anterior extremity a, to th 7 

and fometimes even to two thirds of the length :* 

body; as at d, fig. 334. becoming from this poire 

finer, and do not diminifh from thence to the pc 

end. They wave their arms in all directions, as at a, 
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% S31- at a and e> %* 332* anci at a> fig* 333• and 334* 
The number of their horns in thefe three forts of polypes, 

is generally at leaft fix, and at moft twelve or thirteen, 

yet neverthelefs there are fome few of the fecond fort 

which have eighteen arms. They can contrail their bo¬ 

dies till they are not above the tenth of an inch or 

thereabouts in length : for example, that reprefented at 

fig. 333. could contract itfelf fo as to become like thofe 

two reprefentations fig. 335* They can alfo {fop at any 

degree either of extenfion or contraction, from the greateft 

to the leaft. 

The green ones are generally about half an inch in 

length when ftretched out. Thofe of the fecond and 

third fort are moft commonly between three quarters of 

an inch and an inch; but fome may be found of both 

forts, whofe bodies are an inch and half long. 

They grow fmaller as they extend, and increafe in 

bulk as they contrail themfelves. The figures 331. 332. 

and 333. reprefent the general and natural fize of thefe 

three forts of polypes -3 and at fig. 362. is an exail repre- 

fentati%i of one, as it appears in the microfcope. 

You may oblige them to contrail more or lefs, in pro¬ 

portion as they are touched, or as the water in which 

they are, is agitated more or lefs. Every polype, when 

taken out of the water, contrails itfelf in fuch fort, as 

to appear like a mere lump of jelly on the body it is 

faftened to, as at fig. 336. which figure is fo different 

from what it bears when ftretched out, that it can fcarce 

be known at firft fight, but when the eye is once ac- 

cuftomed to it, they are eafily diftinguifhed from all other 

bodies that are out of the water. 

Heat and cold hath the fame effeils on the polypes, as 

ft hath upon all other land and water infeits. Heat 

animates, and cold benumbs, or makes them faint and 

languid 3 
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languid ; yet r.everthelefs it requires a confiderable degree 

of cold, to reduce them to a motionlefs ftate, and that 

muft be very near to that of freezing, at which time 

they are more or lefs contracted, and fo remain ; but as 

foon as the water in which they are, acquires fome de¬ 

gree of warmth, they ftretch themfelves out, and move 

proportionably to the heat thereof. It is not neceffary that 

this degree of heat be very confiderable, but is fufficient 

for them, if the water be of a temperate heat, which is 

exa&ly fhewn by the fifty-fecond degree on Farenheidt’s 

thermometer m. 

The arms of the green polypes feldom exceed the 

length of their bodies, as at fig. 331. An inch is com¬ 

monly the length of the arms of the fecond fort, as at 

fig. 332. though fome are longer. The arms of the third 

fort are generally about eight inches, fig. 333. for which 

reafon Mr. Trembley calls them long armed polypes, s 

The polype can extend and contraCl its arms, without 

extending or contracting its body; and its body, with-r 

out any alteration in the arms; it can alfo extend and 

contraCl all or fome of its arms, independant of the 

others. 

Its body and arms are alfo capable of bending in all 

poffible directions, fome of which are reprefented by fig. 

337. in which attitude they are fometimes found ; the 

body and arms can alfo twift themfelves, as at fig. 338. 

and 334* It is likewife remarkable, that the arms of the 

fecond and third forts of polypes, generally bend at fome 

diftance from their joining to the body. 

The 

m Farenheidt’s Thermometers, as well as thofe of Sir Ifaac 
Newton, Mr. Reaumeur, D’Lifle, and others may be had at 
my fhop, made after the belt manner, and graduated from 
actual experiments; at Tycho Brahe1? head. No. 60. in Fleet- 
ftreet, London. 
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The third fort, for the moft part, let their arms hang 

down, making different turns and returns, as at fig. 333. 

and fometimes they diredt fome of them towards the top 

of the water. 

Their progreffive motion is performed by means of 

that faculty they have of firetching out, contracting, and 

turning themfelves every way. For let the polype a b, 

fig. 349. be fixed by its poflerior end b, having its body 

a b, and arms extended in the water, in order to ad¬ 

vance, it draws itfelf together, by bending its body on 

whatever it moves ; and then fixing its anterior end a 

upon this body, fometimes the anterior end only, at other 

times fome of its arms, and at others the arms and an¬ 

terior end a, as at fig. 350. When the anterior end is 

well fixed, it loofens the poflerior end b, and draws it 

to the anterior a, fallening the end b, as at fig. 351. 

after which it again loofens its anterior end a, and 

flretches it out, as at fig. 352. Thus much for a ge¬ 

neral defcription of the common fleps a polype makes 

In moving from place to place. 

They walk very flow, and often flop in the middle of 

a flep, difpofing of, and winding their body and arms 

every way; as at fig. 338. 

Sometimes they make an extraordinary flep, as fol¬ 

lows, let the polype a b, fig. 353. be fixed by its pofle- 

rior end b, and its body and arms extended in the water. 

Firfl it bends its anterior end a, towards the body upon 

which it moves, and fixes it at a, fig. 354. after which 

it loofens its poflerior end b, and raifes it up perpendicu¬ 

larly, as at fig. 355, then bending its body to the other 

fide, fixes the poflerior end b, as at fig. 356. and loofen- 

ing the anterior end a, raifes it up again, as at fig. 357. 

The third kind of flep the polype makes, is in the fol¬ 

lowing manner 5 let the polype a b, fig. 358. be fixed by 

its 
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its pofterior end b again# the fide of a glafs ; its bodj% 

and moft of its arms being ftretched out forwards, and 

one of its arms a c, fixed again# the glafs at c: when 

the polype is in this attitude, it loofens its pofterior end 

b, and contracting its body, draws it up a little nearer to 

the point c, and fixes it again# the glafs at d, after which 

it repeats the fame and fixes its pofterior end at e, and fa 

on. All that is here faid of the polypes prognsflive mo¬ 

tion equally refpects the three forts. 

They defcend to the bottom of the water, and come 

up either by the fides, or upon aquatic plants, and often 

hang down from the furface thereof, by their pofterior 

end, as at b, fig. 334. and are often feen to fufpend them- 

felves by one arm only, as at c, fig. 339. They walk 

as well upon the fuperficies of the water, as upon thofe 

bodies juft mentioned ; and perform the fame motions in 

a glafs, as they do in greater waters: They pafs over 

plants or other bodies ; they go up the fides of glafs, even 

to. the furface of the water, and pafs either under or over 

it, and fometimes reft themfelves there; then they march 

to the oppoiite fide of the glafs, and fo defcend to the 

bottom. 

If you examine the extremity of a polype’s tail, while 

it is fufpended, as at b, fig. 334. (from the furface of the 

water) with a magnifying glafs, it will be found a little 

out of the water, fomewhat concave and dry, as at b and. 

c> %• 359* and to prove that this circumftance is afo- 

folutely neceflary to fupport them on the fuperficies of the 

water, only wet the dry end with a drop of water, arid 

the polype will immediately fall to the bottom. 

When a polype defigns to pafs from the fides of a glafs, 

to the fuperficies of the water, it need only put that part 

out of the water by which it vrould be fupported, and 

give it time to dry, which is what it always does, and 

what 
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what may eafily be obferved. If, for example, a polype 

is fixed againft the fides of a glafs, near the fuperficies of 

the water, (on which it intends to go) as at e f, fig. 359. 

in order to convey itfelf thither, it raifes up its an¬ 

terior end, and puts it out of the water, there letting 

it dry, then loofening its pofterior end f, from the 

glafs, draws it up, and puts it above the water, where it 

alfo becomes dry in an inftant, and capable to fupport 

the polype, upon which it draws its anterior end under 

water, and remains fufpended from its furface, as at c 

and b, often extending its body and arms. 

It has been often found neceflary, in the courfe of 

thefe experiments, to fufpend a polype from the furface 

of the water, becaufe they are not always to be found 

fufpended there of themfelves. To effedt which, take in 

one hand an hair-pencil, and in the other a pointed quill, 

or a tooth-pick; with the pencil loofen the polype from 

the glafs, and gradually raife it near the top of the water, 

in fuch a manner, that the anterior end of the polype be 

next the point of the pencilj then lift it out of the water, 

and keep it fo for a moment, nay a minute if you will . 

after which thruft the point of the pencil, together with 

the anterior end of the polype, by little and little under 

the water, until no more than about half the tenth of an 

inch of the polype’s tail remains above its furface 3 at this 

inftant, with the pointed quill, remove that part of the 

polype from the pencil, which is already in the water, 

and at the fame time blowing againft the polype, its tail 

will be alfo loofened, and remain out of the water. 

A polype, that is already fufpended, may be removed 

from a glafs of dirty water, to a clean one with frefh 

water, by endeavouring to place the pencil parallel to the 

polype, and in this pofition to advance it gradually till it 

touches him, he will then apply himfelf againft the pencil, 

and 
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and on being drawn out of the water, its tail, which was 

dry before, will remain fo; and it may be immediately put 

into the clean water, by obferving the foregoing directions. 

Polypes commonly fix their tail to {tones, or aquatic 

plants, See. fo fait as to prevent their being drove away 

by the ftream, and are fometimes fixed not only by their 

tails, but by two or three of their arms alfo, which they 

direct different ways; and being thus fixed cannot bs 

tolled about by the motion of the water. 

Two long armed polypes fufpended from the furface 

of the water in a glafs, are reprefented exa&ly in the 

pofition they were found, at a, b, and c, d, fig. 359. 

One of them d c, had two of its arms d, i, and d, k, 

fixed againft the bottom of the glafs, but on oppofite 

fides thereof, at i and k. The other a b had alfo one arm 

a g, fixed againft the bottom of the glafs, at g, and its other 

arm a h, fixed againft the fide at hj they held themfelves 

fo faft in this pofition, that the glafs was forcibly fhaken 

before they quitted their hold. 

The polype’s mouth is fituated at the anterior end of 

its body, in the middle between the {hooting forth of 

the arms. It is very often ftretched out, at which time 

it reprefents a little conical nipple, as at a, fig. 333. and 

fig- 3+3. The cone it forms appears fometimes truncated, 

as at a, fig. 362. At other times no nipple can be dif- 

coyered, the interval between the arms being clofed, as 

at a, fig. 338. and 344. in other circumftances it is 

hollow, being open, and a little widened, as at i, fig. 

331. or at e, fig. 332. and a, fig. 362. it is not only 

open in this circumftance, for if it is obferved wifti a 

magnifying glafs, when flat, or when it forms a trun¬ 

cated cone, a little hole is generally feen at the end 

thereof, which is reprefented as it appears when magni¬ 

fied at a, fig. 362. 
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The different opening of the mouth and lips, are feen 

%• 343* 344- 345- 

The polype’s mouth opens into its ftomach, forming a 

hind of bag or gut, from head to tail. The naked eye 

may be convinced of this, but much better if it be armed 

with a microfcope. It is exactly reprefented as it appears 

through the microfcope at a b, fig. 262. 

Mr. Trembley not being finished that the polype was 

perforated from end to end, by only obferving it from 

without, cut one tranfverfly into three parts, each piece 

immediately contracted itfelf, and remained very fhort, 

and being all three placed on the flat bottom of a fhallow 

^lafs full of water, and viewed through a microfcope, 

from the upper end, the bottom of the glafs was feen 

through the lower, fo that all the three were vifibly per¬ 

forated ; they are reprefented as they appeared in the mi¬ 

crofcope, by the figures 340. 341. and 342. Its mouth 

was at the anterior end of one of thefe parts a, fig. 340. 

and was then wide open. The posterior extremity was 

at the end b of the third part, fig. 342. as this piece 

was perforated through, it plainly appears, that the tails 

of the polypes are alfo open. 

This perforation which is continued from one end to 

the other of the polype, is called the ftomach, becaufe it 

contains and digefts the aliments, and the (kin which in- 

clofes the ftomach, and forms this bag, is the very fkin 

of the polype. Therefore the whole animal confifts but 

of one fkin, difpofea in the form of a tube or gut, open 

at both ends. 

If a polype be ohferved with the microfcope, its whole 

body appears like fhagreen, or as if it were ftrewed with 

little grains, as reprefented at fig. 362. both vfhen con¬ 

tracted or extended, it is more or lefis varied according 

to thefe or other circumftances. 

If 
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If the lips of a polype be cut tranfverfly and placed 

upon the objedt-carrying glafs, in fuch a manner as that 

the cut part of the fkin a, fig. 341. may lie dire&ly be¬ 

fore the microfcope, it will be found to confift of an in¬ 

finite number of thofe little grains throughout the whole 

thicknefs of the fkin : therefore, in order to know whether 

the infide of the flomach had any of the like grains, Mr. 

Trembley opened feveral of them in the following man¬ 

ner ; by putting a polype upon his hand, he made it, by 

touching, to contrail: as much as poflible, and then he 

introduced a very fine point of a pair of fciflars into its 

mouth, and forcing it out at the tail, and immediately 

doled the fciflars, which cut one fide of the polype’s fkin 

from the top to the bottom, and laying it open from one 

end to the other difcovered the interior fuperficies thereof, 

which is reprefented as it appeared in the microfcope at 

fig. 346. and this was alfo compofed of as great a quan¬ 

tity of the fame grains as the exterior fuperficies and the 

edge a, of the cut piece of fkin, fig. 346. To examine 

thefe particulars a little farther, a bit of the fkin was 

laid upon a glafs Aider in a drop of water, and placed 

before the microfcope, a, fig. 347. and fome of thefe 

grains fepaiated therefrom, as at b, c, d, by prefling 

them with the point of a pin, ftriking them againfl: the 

glafs, and endeavouring to tear them in pieces ; the grains 

fpread themfelves to all parts of the water, and at laft 

remained in heaps as at e and f. 

If a polype be carefully placed before the microfcope, 

fo as not to wound him, you will feldom be difappointed 

of feeing thofe grains feparate from fome part or other, 

and that in the moft healthy polypes ; but when they 

feparate in large quantities, it is a certain fymptom of a 

dangerous illnefs. The furface of the polype from which 

they fall becomes irregular, and is no more terminated as 

N before. 
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before. The grains fall off from all fides, it contracts 

Itfelf, the body and arms fwell and lofe their fhining 

whitenefs, and at laft their form, as at a, fig. 348. and 

nothing is to be found in its place but an heap of grains 

as at b. 

The ftruClure of the polype’s arms bears a near refem- 

blance to that of its body; and when obferved with the 

microfcope, we find their exterior furface to appear lha- 

greened alfo, fig. 362, an arm much contracted appears 

extremely fo, and even much more fo than the polype’s 

body. 

If a fufpended arm that extends itfelf be obferved, the 

grains may be feen a little afunder, which when con¬ 

tracted almoft touch, but fo that intervals are left be¬ 

tween them, as at fig. 363. When at a certain degree 

of extenfion, its furface feems only to be ftrewed with 

pimples as at fig. 364. which continue ftill to feparate, as 

the arms extend, and are at laft placed upon a thread 

e e e, fig. 365. Thefe pimples are formed by the re¬ 

union of many grains, and at the firft glance appear like 

a firing of beads, fig. 365. 

The different ftates of a polype’s arm, may be obferved 

at the fame time, in the fame arm, but at different places 

thereof, by calling the eye, armed with a microfcope, 

from one end of the arm to the other, and efpecially if 

the feveral portions thereof be carefully obferved with a 

large magnifier, they will appear as at fig. 363. which 

reprefents that part of the arm ftretched out, which is 

near the polype’s head, the grains thereof being but little 

feparated, but are farther afunder in fig. 364. which is 

about the middle of the arm; and fig. 365. Ihews the : 

grains as if they were ftrung upon a thread, as they are 

feen upon the extremity of a polype’s arm. 

This i 
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This extremity is often terminated by a knob, and the 

hairs marked e, e, e, fig. 364. 365. are tranfparent, and 

may be feen with the firft and fecond magnifiers. 

The beft method to obferve a polype’s arm, is to choofe 

one that is fixed to the fide of a glafs, and near the fuper- 

ficies of the water: at which moment, any one of its 

arms being very well extended, take a pair of nippers in 

one hand, and a flip of glafs, about two or three inches 

long, and half an inch broad, in the other, holding it at 

one end between the finger and thumb; then with the 

nippers, or a pointed quill, pull the end of the arm gently 

out of the water, and the reft will follow. If it is not 

ftretched enough, ftretch it more, by drawing it out, the 

polype ftill remaining fixed to the glafs; put the arm 

upon the flip of glafs, and turn it under till it meets itfelf 

again; then giving it a jirk, the arm will break ofr on 

both fides the flip of glafs, one part remaining with the 

polype, and the other in the forceps, and the middle part 

will ftick upon the glafs flip, in which manner it may be 

applied to the microfcope, and preferved for feveral days, 

as well as when it is at firft taken out of the water, 

for when once dry it does not change for a confider- 

able time. 

Of the polypes food, and manner of their 

feizing upon, and {wallowing their prey. 

IT was forae time after the difeovery of the fecond 

fort of polypes, before Mr. Trembley could find out 

a proper food to nourifh them, but the water at that 

time happened to be plentifully ftored with a fort- of 

millepedes, fig. 360. final 1 enough, and about three 

quarters of an inch in length. They are remarkable 

N 2 fof 



I So Of the frejh Water Polype. 

for a horn, or flefhy dart, proceeding from the fore part 

of their head at d. Mr. Reaumeur had called them 

darted millepedes. They fupport themfelves, and fwim 

in the water by means of the feveral fwift inflections they 

make with their bodies; they reft themfelves, and creep 

upon all the bodies they meet with, and are often found 

in great numbers upon aquatic plants $ thofe upon which 

the firit polypes of the fecond fort were found, were well 

flocked with thefe millepedes, and were taken out of the 

water together with them, and put into the fame glafs 

without any defign. 

A few days after the anterior end a, of a polype, fig. 

366. was obferved, with one of thefe millepedes partly 

within its mouth, and the other part yet without it at 

m, not knowing at firft whether the polype was eating 

the millepedes, or whether the millepedes had introduced 

itfelf voluntarily into the polype’s flomach,to be nourifhed 

there, to lodge its eggs, or depofite its young therein, 

but at laft it was entirely entered into the polype’s body. 

The long armed polypes being the moft remarkable in 

their feeding, &c. for that reafon principally, Mr. 

Trembley thought proper to defcribe thefe experiments, 

upon that fort, from which one may eafily judge the fame 

of the other two forts. 

To fee thefe polypes feize their prey with their arms 

extended, they muft be put into a glafs, feven or eight 

inches deep, if the polypes are fixed to the top of the 

glafs, their arms for the moft part hang down towards 

the bottom. This is then the moft convenient fttuation 

to give them food, and to obferve how they manage it. 

To this end one might caufe them to hang from the 

iurface of the water, but this expedient is not always 

beft. 

The 

% 
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The polypes we breed and feed, are commonly in- 

fefied with little lice, it is therefore neceflary to cleanfe 

them from thefe tormentors, by rubbing them with an 

hair pencil, and if the polypes fufpend themfelves from 

the furface of the water, it is fcarce pofiible for them to 

be freed from thefe lice. In that cafe make the polypes 

fix themfelves to a packthread, or fix them to it, as at 

fig. 367. at the place b, letting the two ends h f, and 

k g hang down over the edges of the glafs. One may 

then flroke them even fomething rudely, backwards and 

forwards, with an hair pencil, without pulling them off, 

and in changing the water, only take hold of each end 

of the pack-thread, draw it gently out of the water, and 

put it immediately into another glafs, prepared for its re¬ 

ception. If feveral of thefe pack-thread firings are put 

into a glafs well flored with polypes, there will be always 

fome that will fix n themfelves thereto. 

When the arms of the polype are well extended, put a 

millipedes, or any other worm into the glafs, and with 

the point of a pencil, pufli it to one of the arms, which 

it no fooner touches, but it is feized, and when the mil¬ 

lipedes m, c, n, or worm, perceives itfelf taken, it en¬ 

deavours by very quick and ftrong efforts to difengage 

itfelf, often fwimming and dragging the arm a c, fig. 

367. from one fide of the glafs to the other; this violent 

motion of the millipedes, obliges the polype to contract 

its arms, in the performance of which he often difpofes 

them in the form of a corkfcrew, o i, which alfo con¬ 

tributes to the fhortening of it. The millipedes by its 

continual ftruggles, entangles itfelf in the arm that holds 

it, m i n, and often meeting with other arms, they alfo 

aififl, and with a fudden pull, enable the polype to con- 

N 3 tradl 

* Hifl. de Polyp, p. 85. 
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tra£t himfelf, or to draw near his prey, and in an inflant 

the entangled millipedes is conveyed to the mouth, againfl: 

which it is held and fubdued. 

When a polype hath nothing to eat, its mouth is ge¬ 

nerally open, but that fo fmall that it cannot be feen 

without the affiftance of a magnifying glafs: whereas, as 

foon as the arms have conveyed a prey to the mouth, it 

opens itfelf more, and always in proportion to the fize of 

the animal that is to be devoured; its lips gradually 

dilate, and precifely adj ull themfelves to the figure of 

their prey. 

All the worms which are feized by the polypes, do 

not prefent themfelves in the lame manner to their mouth ; 

for if the worm prefents itfelf by one of its extremities, 

it is not requifite the polype fhould open its mouth con- 

fiderably, neither does it open otherwife, but precifely to 

give entrance to the worm, fig. 366. 

If the worm is not too long for the ftomach, it remains 

therein extended; but if longer, that end which firft en¬ 

tered bends, and when it is entirely fwallowed it may be 

feen folded within the polype, fig. 379. 

When the middle or any other part of the worm is 

prefented to the polype’s mouth, it feizes this part with 

its lips, extending them on both fides, and applying them 

againft the worm 5 at which time its mouth takes the 

form of a boat pointed at each end, fig. 368. after which 

the polype gradually clofes the two points of its boat¬ 

like lips, which doubles the worm in that part, and fo 

it is fwallowed, fig, 369. 

As foon as the ftomach is filled, its capacity and the 

Ikin thereof is augmented, and the body becomes Ihort, 

fig, 372. its arms alfo are for the moft part contra&ed. 

The polype hangs down without motion, and appears 

to be in a ftate of numbnels, and in ihape very different 
from 
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from that of its extenfion, fig. 367. As the food digefts, 

and it voids that which does not ferve for nourifhment, 

its body lengthens, and gradually recovers its natural 

form. 

Mr. Trembley finding thefe millepedes a proper food 

for the polypes, he collected a great quantity of them, to 

feed thofe he kept in glafies, and found them in fwarms 

at the Tides of ditches, creeping on plants, and all other 

bodies that were in the water. 

Alfo on obferving how voracioufiy the polypes eat 

thefe millipedes, he imagined it was not the only agree¬ 

able food to them, and was therefore defirous of finding; 

out other animals to nourilh them withal, befides the 

trouble of getting a fufficient quantity of millipedes from 

other places took up too much time ; upon which he 

opened a polype that was taken out of the water, with 

its belly full of food; from whence came out little in¬ 

fers, which he calls pucerons or fleas, and amongfl 

thefe another fort that multiply extremely, and are often 

eafdy to be procured in great quantities; fee the fig. 

marked p, at the end of one of the arms, fig. 367. which 

reprefents one of thefe fleas of its natural fize, and as it 

appeared in the microfcope at fig. 361. They are exa&ly 

defcribed by Swammerdam 0, and are remarkable for 

two branching arms, which proceed from their head, 

which ferve them inftead of fins. The arms inclined 

Swammerdam to call them by the name of puceron 

branchus; they are continually fkipping about the water, 

and are generally fomewhat reddilh. 

On putting fome of thefe pucerons into a glafs with 

polypes, they prefently feized on fome of them, and 

began to extend their mouths, fidt in the form of a 

N 4 concave, 

® Swammerdam’s Hift. de Infeft, p, 86, Edit, de Leid. 1737, 
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concave, in which part of the flea is lodged, as at a, fig. 

370. the lips continue to enlarge, till they included the 

puceron, and then entirely clofe themfelves again. 

The polypes are not content with two or three of 

thefe pucerons, but will continue to fwallow them till 

the fides of their ftomach are fo increafed, as to contain 

two of thefe fleas in breadth one by the fide of the other, 

as at fig. 371. which was abfolutely full from head to 

tail. If it be one of the third fort, the narrow part of its 

body b d, fig. 372. generally remains empty, but Some¬ 

times this alfo is forced to increafe and receive fome of 

thofe fleas. When the polype hath Swallowed no more 

of thefe fleas than can be contained within its ftomach ; 

its body, in that cafe, becomes very fmall near the head, 

and forms in that place a kind of remarkable neck c, 

%• 373- 

If a number of thefe little fleas be haflily thrown into 

a orjafs of hungry polypes, their arms are foon fo loaded 

with them, that one can fee nothing but a confufed mafs 

of thefe pucerons gathered together, near the polype’s 

mouth a, fig. 375. which they fwallow one after another 

till they are entirely full. 

So long as thefe pucerons could be procured, he fed 

his polypes with nothing elfe : his method of fiftiing them 

out of the water, was with a fmall hoop, of about eight 

or ten inches diameter, made of brafs, or iron wire, to 

which was fattened a pouch of linen cloth, and the 

whole tied to the end of a flick. This being put flope- 

wife into the water, where there is a quantity of thefe 

animals, may be eafily moved to and fro, any way you 

fee occafion, by which means the fleas will be gathered 

together into the hoop. You may then put them into a 

glafs of water, which will Swarm therewith from the be¬ 

ginning of June to the end of September ; thefe were 
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eafily to be procured, but when they began to fail, he 

was at a lofs to find out other nourifhment for his po¬ 

lypes. 

He went feveral times a day to the water-flde, which 

had before a long time furnifhed him with fleas, and 

{looped down near the furface of the water, endeavouring 

to difcover young ones, but all in vain; neverthelefs in 

feeking thefe he faw feveral places at the bottom of the 

water, with worms all Handing an end, one end of which 

was in the earth,. and the other end out of the earth in 

the water, making continual undulations, fig. 376. He 

thought, as foon at he faw thefe worms, they would 

ferve to nourifh the polypes, and to make up for the fleas 

he wanted, and the millepedes which could at that time 

be found only in fmall quantities; it was with a great deal 

of trouble that he took up fome of thofe worms, which 

he gave to the polypes who eat them. Therefore, to 

procure as many of thefe wrorms as you may have occa- 

fion for, you need only fix a circle of iron wire, two or 

three inches diameter, to the end of a flick, and putting 

this into the water, and about half of it under the earth, 

run it along a little way, always holding it in the famt 

pofltion, and that a little inclined; this will meet the 

worms, and drag them along with it, and bring up a. 

large quantity thereof, ^tvhich on {halting the wire circle 

in a glafs of water, will all fall to the bottom. If the 

ditches where you fifli for thefe worms fhould be coveted 

with leaves and herbs, it is neceflary firft to cleanfe them 

with a rake, before you put in the iron circle, otherwife 

you will get but few w’orms at a time. There are alfo 

other places fo muddy, as to hinder the wire from hold¬ 

ing the worms ; in this cafe it is expedient, that you 

throw upon the mud fome inches of fand, for as the 

%yorms are obliged to keep part of their bodies above 

the 
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the fuperficies of the earth, they quit the dirt, and pafs 

into the fand, and remain near the fuperficies' thereof. 

They may be taken in. very great quantities, after pre¬ 

paring the bottom of the water in this manner. 

Thefe worms are found in great abundance in the mud 

©f the river Thames ; when the tide is out, they rife in 

fueh fwarms on the furface thereof, that it appears of a 

red colour. 

You may give to each polype a worm much longer,, 

and alfo a little thicker than the polype is when extended; 

but then care muft be taken to let the worm fall upon 

their arms, otherwife they will mifs of them, becaufe they 

fall diredtly to the bottom. Their fenfe of feeling is fo 

delicate, that if a worm touches even the utmoft extre¬ 

mity of thefe very flender arms, they immediately by 

elafping them about it, invelope and fetter it in fo many 

places, that it is foon rendered uncapable of ftruggling to 

any purpofe, it ealily yields, and at laft is fwallowed into 

the polype’s ftomach, fig. 380. where it may be difcerned 

through the polype’s fkin. 

Thefe worms are the bed; nouriftiment for the polypes,, 

especially in the winter, therefore if you gather a fufficient 

quantity of them in November, and put them into large 

glades full of water, with three or four inches of earth 

at the bottom, you will have a fupply for the polypes all 

the winter, and may fifh them up out of thefe glades, as 

out of the river. 

Sometimes a pretty thick red worm, about half an inch 

long, is taken up with the reft, and is reprefented at c d, 
fig. 382. It is the fame as that defcribed by Mr. Reaumer, 

in the firft Memoir of the fifth volume of his Hiftory of 

Infects, page 29. 

Polypes 
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Polypes may alfo be nouriftied by thefe worms, but 

they are more difficult for them to digeft, and not at all 

fit food for them in winter. 

Mr. Trembley hath alfo feen them eat a worm, which 

he calls a tranfparent tipula, of which Mr. Reaumer 

fpeaks in the fortieth page of the memoir juft cited. 

Having in the month of June taken a great quantity 

of little fifh, about four tenths of an inch long, he 

gave fome of them to the polypes, but the extreme vi¬ 

vacity of this fifh, was almoft too much for them to en¬ 

counter with ; however, all the polypes that feized them, 

.did fwallow them, and the tails of the long armed fort 

were obliged to ftretch open to receive the fifh : one of 

the fecond fort is reprefented at fig. 377. which had 

fwallowed one of thefe little fifh; and as its fkin a b9 

was fo tranfparent, and flexible, it took the form thereof, 

.and appear’d like a fifh with long whifkers. 

The polypes eat the major part of thofe little infedls 

that are found in frefh water ; they are very well nou¬ 

rifhed with worms, and the nymphs of gnats, and other 

flies; they will alfo eat larger animals if they are cut 

into little pieces, as fnai.ls, and other larger aquatic in- 

fedts, and earth worms, the entrails of frefh-water fifh, 

and butcher’s meat, as mutton, beef, and veal. 

Mr. Trembley put into the bottom of a vefiel, fome 

of the earth taken out of a ditch, imagining that a 

great number of little infedis might be lodged therein, 

or at leaft the eggs of fome; which experiment fucceeded 

very well, for from the end of February 1742. it was 

ftored with various forts of little animals ; but particu¬ 

larly with one fort, which is inclofed in a two-fold fhell j 

when this fhell was but a little opened, they put forth 

feveral minute feet or arms, that move exceeding quick, 

and by means of this motion they fwim, Thefe animals 

place 
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place themfelves upon all bodies they meet with, and 

are about the bignefs of a grain of fand j fome polypes 

being put into this veffel, without taking any other care 

©f them, were nourifhed therein, and multiplied for eight 

mouths. ' 

Whence it appears, that large glaffes or pails, thus 

prepared with earth, (at the bottom of them) taken out 

ot ditches in the fummer-time, will be a convenient re- 

fidence for the polypes; for befides thofe infedt eggs 

that are contain’d in this earth, may be very often feen 

(efpecially if the water in the glafs be expofed to the air) 

the fpawn and nymphs of gnats, and of tupula, or water- 

fpiders, &c. Thefe veffels may then be fuccefsfully 

employed, and will fave the trouble of feeding the po¬ 

lypes we intend to preferve, and alfo of often changing 

the water. But when it is not changed and cleanfed 

for fome time, it is generally filled with an herb, as fine 

as hairs, in which the polypes entangle themfelves, and 

by which we are hinder’d from looking within-fide, if 

the veffel be not made of glafs ; however this inconveni¬ 

ence is prevented by putting into each veffel a few aqua¬ 

tic Brails, more or lefs in proportion to its fize; they 

will eat thefe plants as faff as they grow, whereby the 

water, and the fides of the veffel, will always remain clean. 

Sometimes two polypes feize the fame worm, and each 

begins to fwallow its own end of the worm, continuing 

to do fo till their mouths meet, fig. 378. In this pofture 

they remain for fome time, after which the worm breaks, 

and each polype hath its fhare; but at other times the 

battle does trot end there, for each of them continuing to 

difpute the prey, one of the polypes opens its mouth ad- 

vantageoufly, and attempts to fwallow the other polype 

with its portion of the worm, which he efiecfs in fome 

degree, and fometimes almoft entirely as at fig. 380.* 

Never thelefs 
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Neverthelefs this combat ends more happily than we can 

at firft believe, in behalf of the devoured polype j for the 

other gets the prey entirely out of its ftomach, and the 

devour’d one comes forth again found and fafe from the 

body of its enemy, after having been detain’d there -above 

an hour. 

Polypes can eat a great deal at a time, and they can 

/aft a great while ; and they void their excrements at their 

mouth. 

After a worm is /wallowed, the tranfparency of the 

polype’s (kin will permit us to fee it diftinctly, as at fig. 

379. the worm gradually lofes its form, and is at firft ma¬ 

cerated in the ftomach of the polype, the juice nourifhes, 

and being feparated, the remains thereof are thrown out 

at the mouth, as at fig. 381. 

It is alfo obfervable, that their aliments are pufhed 

backwards and forwards, from one extremity of the fto¬ 

mach to the other, which contributes much to its di- 

geftion ; which motion may be feen in the microfcope, if 

you choofe a polype that is not too full. This kind of 

periftaltic motion fpreads the nouriftiing juice all over 

the ftomach. But for an obfervation of this kind, it is 

beft to feed the polypes with fuch aliments as can beftow 

a lively colour’d juice ; for example, thofe worms whofe 

intcftines are full of a red matter, for by this means we 

may fee, that this alimental moifture is conveyed not only 

to the extremity of the body, but alfo into its arms; 

whence it is plain, that a polype’s arms are perforated,- 

each of them forming a kind of gut, which communicates 

with that of the body. 

1 his was confirmed by examining a polype, which 

had lucked the red matter contained in the inteftines of a 

flat worm, fig. 383. Its body is of a tranfparent white/ 

and intcftines extreamly vifible, and of a crimfon red; 

care 
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care muft be taken to choofe thofe which are of a proper 

lize for the polypes to fwallow; they come out of the 

polype’s body without being macerated, the red matter 

which was in their inteftines being only extracted from 

them. 

But this experiment was yet better confirm’d on giv¬ 

ing a polype fome bits of the fkin of a little black, fiat 

fnail, to be met with in great abundance in ditches. The 

matter of this Ikin was foon reduced in the polype’s fto- 

mach to a kind of pap, principally compofed of little 

black fragments, and on examining their motion atten¬ 

tively with the microfcope, were feen to be drove about 

in their ftomach, and to pafs from head to tail, and 

into their arms, even to a thread; and afterwards were 

fent back into the ftomach, and chafed from thence ta 

the extremity of the tail, and were again repelled from 

thence towards its mouth, and into the arms, and fo on 

continually. 

Thefe experiments were feveral times repeated, and 

fucceeded in the fame manner. 

, They are alfo a proof of the polype*s arms being tu¬ 

bular, and that they have an open communication with 

the ftomach. 

The arms of the polype are of the fame colour with 

its body, and an heap of the extravafated grains before 

ipoken of, are of the fame colour alfo; it is therefore 

evident that the colour of the polype depends on the co¬ 

lour of thofe grains which compofe the (kin, (for when 

the polype becomes white, they lofe thole grains) and 

their dependance is upon the nutritive juice, drawn from 

the aliments. 

Thefe grains, for example, become red or black, if the 

polype be fed with a red or black juice; they are more 

or lefs ting’d with thefe different colours, in proportion 

to 
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to the flrength and quantity of the nutritive juice. It 

is alfo obfervable, that they lofe their colour, if not fed 

with aliments of the fame colour to themfeVes, and like- 

wife that they will faft a great while, but then they wafte 

proportionably to their falling. 

They are alfo fubjedt to be infefled with a kind of 

aquatic lice before fpoken of, which are very common 

in expofed waters; they are of an oval figure, and gene¬ 

rally white; they run very fwift upon the polype’s body, 

and crowd about its head more than any other part, as at 

fig. 385. Nevertheless they may be feen in great num¬ 

bers running over the body ab, and arms acc. The 

prefent figure is a reprefentation of the polype and lice, 

as they appear in the microfcope. If proper care is not 

taken to keep them clean from thefe animals, they will 

be devoured by them, their arms will gradually diminifh, 

and at laft their body, till there is nothing left. Fig. 

386. reprefents one that had all its head part eat up, 

which after having been cleanfed, had a new head, and 

new arms, and became a very fine polype. 

Therefore the beft way to preferve thefe animals in 

health, is often to change the water, and that efpecially 

after they have done eating. It is not enough to pour 

it off, but they mull all be taken out, and the bottom 

and fides of the veffel rubbed clean from the ilimy fedi- 

ment adhering thereto, which is caufed by the faeces they 

difgorgc therein, which are converted into a kind of 

Ilime, fatal to them if not clear’d awray. My way is to 

loofen their tails from the fides or bottom of the glafs, 

then I take them up one by one with a quill, cut fcoop 

fafhion, and place them in another glafs with clean 

water; fometimes they cling to the quill in fuch a man¬ 

ner, as not eafily to be difengaged. The only way then 

is to let the quill remain a minute or two in the water, 

till 
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till they difcharge themfelves, otherwife you’ll be in dan¬ 

ger of breaking their arms off, however when an arm is 

broke, it is quickly repair’d again, but for fome days 

there appears a fweliing or calloflty in the place which 

wears off in time. 

River, or any other very foft water, agrees belt with 

them, or what is taken up clear out of fome ditch or 

pond i but that which comes from a fpring or pump, or is 

in its own nature hard or fharp, prevents their thriving, 

and kills them in a few days. 

They are bed; kept in fuch large glaffes as hold three 

or four quarts of water, for in a glafs of this, fize, the 

water need not be renewed fo frequently, efpecially if 

the feces are taken out from time to time, wdth the fea¬ 

ther’d end of a pen, to which it very readily adheres. 

Befides the trouble is in fome meafure faved of feeding 

each particular polype, for here you need only throw in 

a parcel of worms, and let them take their chance, but 

then all of them are not conftantly fed, nor any of them 

fo often as in the fmaller glaffes. 

The worms you feed them with, muff alfo be well 

cleanfed from the mud, and always remember to wafh 

them in clean water, every time you feed the polypes 

therewith. 

Polypes are to be fought for in the bye-corners of 

ditches, puddles, and ponds $ for it is obfervable, that 

the wind drives them together with the plants, upon 

which they float into thefe places ; although we may 

fearch for them in fome places without fuccefs, yet on 

coming there again, they may perhaps be found in great 

abundance. 

There are fewer of them in the waters in winter, than 

in the other feafons. About the month of April, duck- 

weed begins to rife above the fuperfeies of the water 
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and to increafe, and many other plants alfo float upon 

the water; the warmth reyives the polypes, and they Ax 

themfelves to thefe plants in queft of prey, at which time, 

they may be taken out of the water with them. 

Of the generation of polypes. 

WHEN a young polype firft begins to fnoot, there 

only appears an excrefcence, which terminates 

in a point e, fig. 387. 

Some time after that, when it appears cylindrical, its 

arms alfo begin to fhoot at its anterior end, c, i, fig. 387. 

Its pofterior end is fixed to the body of its mother, and 

gradually grows narrower, till at laft it only appears to 

adhere thereto by a point b, fig. 388. at which time it i& 

ready to be feparated ; which they all perform in the fame 

manner. The mother and young one fix themfelves to 

the glafs, or other bodies upon which they are fituated, 

with their arms and head, and this is their preparative 

for a feparation ; fometimes the mother gives a twitch, 

at other times the young one, and often both together. 

A polype a b, fig. 389. with a young one c d, ready 

to be feparated, difpofes of its body in an arch of a circle, 

a, b, d, againft the Tides of the glafs. The young one 

being faft to the top of the arch at d, and its head fix’d 

againft the glafs ; the mother only contracts her body, 

which by that means becomes ftrait, as at a b, fig. 3,90. 

which was before circular. While both i to CX Lf.ClTi 1 ClCS 

remain fixed againft the glafs, the young one, which was 

alfo fattened to the glafs, does not follow the mother 

when file withdraws, but remains in its place, and its 

tail d, by. this means is feparated from the htocjy ah? of 

its mother. 

9 Young 
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Young polypes fhoot in proportion to the warmth of 

the weather, and quantity of food the mother eats; 

fome have been perfectly formed in twenty-four hours, 

and others not till the end of fifteen days. The firft 
j 

fhot forth in the midft of fummer, and the other in a fea- 

fon when the water in which the polype was contained, 

made Farenheidt’s thermometer defcend to forty-eight 

degrees. 

They fhoot forth from the fide of their parent as a 

branch from the trunk of a tree; and the excrefcence 

which is the beginning of a polype, is nothing but a con¬ 

tinuation of the fkin of its mother, which is fwelled 

and raifed, nay even forms a tube communicating with 

its mother’s ftomach, as appears from the following ex¬ 

periment j for on choofing a large polype of the fecond 

fort, with a young one at its fide, which being placed 

upon a flip of paper in a little water, the middle of the 

young one’s body was cut, and the fuperior end of that 

part which remained to the mother was then open; next 

cutting the mother on both fides of the young fhoot, it 

became a very fhort portion of a cylinder open at both 

ends, which being viewed through the fuperior and open 

end of the polype, the light was fenfibly feen in the fto¬ 

mach of the mother; but leaft there might yet be a fkin, 

which giving paftage to the light, might neverthelefs fe- 

parate the two ftomachs, the remaining cylindrical por¬ 

tion of the mother was cut lengthwife, and the two 

oppofite parts to that from whence the young one came 

out, were opened; and on obferving it with a micro- 

fcope, not only the hole t, of communication, fig. 391, 

was diftinftly feen, but one might fee quite through the 

end o, of the remaining portion of the young one : af¬ 

terwards changing the fituation of thefe two pieces of 

prepared polypes, and looking through the laft opening 
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e, fig. 392. the day-light was Teen through the hole of 

communication i. Mr. Trembley not being contented 

with making this experiment once, repeated it feven 

times, and met with the fame fuccefs in five of them. 

This communication between the mother and its 

young may be feen on feeding them ; for after the mo¬ 

ther a b,. fig. 393. had eaten, the bodies of its young 

ones fwelled, being filled with the aliments as if they 

themfelves had been eating them at their own mouths 

c d e i o. 

In the long armed polypes, the young ones do not 

flioot out from the tail part b c, but only from the part 

a %• 396- 
It is alfo remarkable, that polypes do not only produce 

feveral little ones at the fame time, all remaining fixed 

to their mother, but that even fome of thofe little ones 

at that very time have two or three young ones alfo, ot 

which fome are perfectly formed, as at fig. 396. 

This figure is fufficient to fhew with what prompti¬ 

tude the polypes increafe and multiply. The whole 

groupe formed by this mother and her nineteen young 

ones, was but an inch and a quarter long, and one inch 

broad Dutch meafure ; the arms of the mother, and the 

little ones, for the molt part were hanging down towards 

the bottom of the veilel, whi'lft the polype was fufpended 

on the furface of the water. This mother eat about a 

dozen of the aquatic fleas every day, and the little ones, 

which were in a Hate to eat, devoured amongft them 

about twenty every day. 

All the frelh water polypes, with arms in form of 

horns, are mothers, for each individual of this fort pro¬ 

duce young ones. 

Mr. Trembley fays, he hath non rimed a thoufand po¬ 

lypes, and never found one which did not multiply, 

O 2 after 
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after it had been well fed, and always obferved their mo¬ 

tions very attentively, in order to difcover if nothing 

palled between them analogous to copulation in other 

animals ; but could never find any thing like it. 

He then put feveral polypes of the fecond fort by them- 

felves, that he might be very fare they had never fince 

their reparation any communication with other polypes ; 

and took none for thefe experiments but thofe which he 

feparated from the mothers himfelf; or thofe which be¬ 

ing feparated of themfelves, were taken out of the glafs 

in which their mothers were, before any other young one 

could be feparated, with which it might have been pof- 

fibly coupled ; yet notwithstanding all thefe precautions 

of caufing thefe polypes to live in a perfect folitude, they 

all multiplied, eat, and continued to produce young ones, 

more and more in proportion as they were fed. 

Not only thefe which he fir ft put alone have multi¬ 

plied, but alfo many of their defcendants have alfo been 

put by themfelves, from generation to generation, even 

to the feventh, with the fame precautions. Whence it 

appears that copulation is in no wife neceflary to the 

production of a polype. 

Mr. Trembley hath alfo made an experiment to prove, 

.that a young polype had in itfelf the principles of fe¬ 

cundity, before it could be thought to receive it from 

its mother, or any other polype: for on cutting off a 

young one which only began to {hoot, and at that time 

was only like a little button, as e, fig. 387. it is feen 

alone and of its natural fize after it was cut off, at fig. 

394. and as it appeared in the microfcope at fig. 395. it 

was put into a glafs by itfelf, and gradually increafed, 

had arms, and at laft multiplied. 

It is therefore very plain, that a young polype, after 

being feparated from its mother, does not want the com¬ 

pany of another polype to multiply. 
And 
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And that even before reparation it hath within itfelf 

the principles of fecundity, fince from that time it mul¬ 

tiplies. 

That if this principle is communicated to it by the mo¬ 

ther while they are united, there is no fort of commu¬ 

nication between the head and arms of either. 

Neither is there any communication after this manner 

by another young one, that comes from the fame mo¬ 

ther at the fame time with itfelf. And that if this 

principle of fecundity is within itfelf, it certainly is in an 

imperceptible manner. 

If we have not from hence difcovered how the polypes 

become fruitful, we have at leaf!: learned, that in this 

point they differ from the moll part of known animals, 

and by confequence have made an exception to the ge¬ 

neral rule, that fays, there is no fecundity without co¬ 

pulation. 

After Mr. Trembley had made the foregoing obferva- 

tions, he was ftill farther defirous of finding out, whe¬ 

ther there might not be fome other natural manner of 

their multiplying by flips, as the branches of a tree ; or 

if, on the contrary, this manner of multiplvine: would 

fucceed when they are cut in one or more pans. Mr. 

Trembley hath fecn polypes which have divided them- 

felves into two parts, after which each portion became a 

compleat polype; whereby the fame re-production was 

performed as we have before remarked on cutting thefe 

animals in two. 

What hath been already faid on this head is fufficient 

to {hew, that polypes bear a nearer refemblance to plants 

than animals, yet notwithffanding it is evident that they 

are animals, becaufe they eat and digeff their food. 

Of 



t 

19 8 Of the frefh Water Polyp?, 

Of cutting polypes afurider, and their repro*? 

dudtion. 

TH E moft extraordinary part in the hiftory of this 

creature is this, that when cut into pieces each 

piece can repair itfelf and become a perfect animal p. 

To perform which put a little water on a fmall piece 

.of paper, -whereon place a polype, and wait a little while 

till it extends itfelf; then with a pair of fnarp fciftkrs cut 

it into two pieces, paper and all, and examine each piece 

with a magnifying glafs, to judge the fucccfs of the ope¬ 

ration, putting each portion into a {hallow glafs which 

does not contain above three or four tenths of an inch in 

depth of water, by which means they may be always 

obferved with a magnifying glafs, or in the microfcope. 

A, fig. 397. reprefents the head part of a cut polype, 

its pofterior end b, being a little larger fhan that in a 

common polype, and is fenfibly open. In the fummer- 

tirae this firft part often walks, and eats the fame day 

it is cut. 

The fecond part, fig. 398. hath its anterior end c 

more than ordinary open, and the edges turned a little 

outwards, which afterwards folding inwards, clofes the 

aperture : the anterior end appearing then to be fimply 

fwelied, as at c, fig. 399. This part is never feen to 

change its place before its re-produdion is finiflhed; the 

arms foot out from its anterior end as thofe do in young 

polypes, at firft three or four points begins to {hoot, as 

at c, fig. 400. and while thefe increafe, others appear 

between them; before the arms have done growing they 

can feize a prey, and from that time its mouth is per¬ 

fectly formed. . 

p Hift.de Polyp?, p. 193= 
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This re-produ£Hon is performed fooner or later, as the 

weather is more or lefs warm. In the height of fummer 

the arms will fometimes begin to fhcot in twenty-four 

hours, and in two days have been in a ftate to eat, but 

in cold weather it will be fifteen or twenty days be- 

fore the head is formed. 

If a polype, having-young ones, be cut tranfverfly, 

the young ones continue to grow after the fedtion. 

It often happens, that the fecond parts which have 

had no young ones at the time of the fedtion, have had 

young fhoots before itfelf could eat, and before it had 

arms. 

In whatfoever place a polype was cut, whether at the 

middle or near either end, the experiment equally fuc- 

ceeded, and each portion became a compleat polype, 

which walked, eat, and multiplied. 

A polype being cut clofe under the arms, as at fig. 

401. and though fmall as it was, it became a compleat 

polype, which at the beginning was all arms. 

If a polype be cut tranfverfly into three or four pieces; 

the pofterior end of the firft produces a tail, the anterior 

end of the lafl a head, and the intermediate pieces ac¬ 

quire both head and tail. 

To cut a polype length wife, it null be made to con- 

trad! as much as poilible, becaufe the more it is con¬ 

tracted the larger its body is : therefore put the polype 

upon a flip of white paper in a fmall drop of water, and 

when by touching it is very much contradted, drain 

away the water, whereby its upper and under fides co- 

lapfe, and the polype becoming fpread in breadth, remains 

fixed upon the paper; then with a fharp pair of feifiars 

cut through both paper and polype, the divided parts will 

adhere to the paper like a jelly, but may be removed 

therefrom to the objedt-carrying glafs, or glafs Aide, with 

O 4 the 
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the point of an hair pencil, firft dipped in water, upon 

which it may be applied to the microfcope; or if the 

papers are thrown into a glafs of water, the divided pieces 

will foon fall from them. 

The fid'es of a polype cut longitudinally, roll them- 

felves up different ways, generally beginning from one 

6f their extremities, as at fig. 402. and turns the out-fide 

of the fkin inwards; after fome time it unrolls, and the 

out-fide forms itfelf into a tube, whereof the edges a b, 

and e i, fig. 403. on both fides meet each other, and re¬ 

unite themfelves; fometimes they begin to join at the 

tail end, at other times they gradually approach all at 

once; when they begin to unite at one end, it is eafy to 

diftinguifh that portion which is joined c i b, from that 

which is not joined c a e, fig. 404. 

The fides join fo clofe, that from the firft moment no 

Fear can be feen ; after which they become compleat po¬ 

lypes, but with a lefs number of arms, and that in an 

hour’s time, and in twenty-four hours will feize and 

devour a worm; in a few days other arms {hoot and be¬ 

come as long as the reft. 

Mr. Trembley cut a polype into four parts length-wife, 

as follows : after having cut it in two, in the manner juft 

{hewn, he cut each of thefe into two alfo. Thefe four 

portions of the fame polype, had each of them fix arms, 

within fix days after the fedtion; and feven in four 

weeks ; they all eat and multiplied. 

When a pregnant polype is cut length-wife, the young 

ones continue to grow after the fedtion. 

He hath alfo cut a polype length-wife, and directly 

after cut the fame tranfverfiy? and each of thefe four quar¬ 

ters became compleat polypes. 

He 

*, Hill, de Polype, p. 247, 
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He likewife cut another, in part length-wife, beginning 

at the head, which became a polype with two bodies, 

two heads **, and but one tail. After having nourifhed 

this two headed polype, by feeding it at both mouths 

he alfo fplit thefe heads, and in a little time it had four, 

and at laft by cutting it after the fame manner, it had 

feven heads, fig. 405. 

If a polype be cut in part length-wife, beginning at 

the tail, it will foon have one head and two tails ; and 

in this manner the number of heads and tails may be 

augmented by cutting almoft ad infinitum. 

As all forts of thefe frefh water polypes form only a 

tube or gut, proceeding from one of its extremities to 

the other, they may be turned infide out as one would 

turn a fack, viz. give a worm to the polype you would 

perform this experiment upon, and when it is fwallowed, 

put the polype into a concave glafs, or into the hollow 

of the object-carrying glafs, with a little water ; after¬ 

wards prefs it near the tail with an hair pencil, ftroking 

it towards the polype’s mouth, that the worm within its 

ftomach may be forced partly out, as at c e, fig. 412. 

its hinder part a, remaining empty. As the worm goes 

out, the ftomach enlarges prodigioufly, efpecially if it 

goes out double, as is exprefied in the figure. When 

the polype is in this ftate, make it contract as much as 

poftible, which contributes much to the enlargement of 

the ftomach. It muft be here obferved, that as the worm is 

partly out of the ftomach it keeps it open, then taking an 

hog’s briftle in the right hand, pufh it againft the extremity 

of the tail b, till it enters into the ftomach, continuing 

gradually to advance the hog’s briftle, till it hath quite 

turned the polype. When it comes to the worm which 

keeps the ftomach and mouth open, it either pufhes that 

out, or paftes by on one fide thereof? and at laft goes out 

of 
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of the mouth, as a£ a b, %. 4.14* Sometimes the polype 

is entirely turned at firft, and then it covers the end of 

the briftle a b, fig. 413. In this cafe the exterior fuper- 

ficies of the polype is become the interior, which now 

touches- the hog’s briftle; however it feldom happens that 

the polype is entirely turned, but moil commonly the tail 

part a b is out of the mouth b, fig. 414. and at the fame 

time a part thereof is not turned 5 that is, its anterior 

end a c, which being terminated by the arms, is folded 

over the turned end. Then to finifh the turning, take 

an hair pencil in your right hand, and the end of the 

hog’s briftle in the left. Always holding the other end 

&f the briftle together, with the polype in the water, and 

ftroke the end a c, which is not turned, very foftly with 

the hair pencil, that way which is neceflary to turn it, 

that Is to fay, from a to c, fig. 414. which is prefently 

performed, at which time it appears as at a b, fig. 413. 

Then holding it in the water, pufh it from a to b, with 

the point of an hair pencil, and it will fall to the bottom 

of the glafs without being put out of order. 

When it is firft turned, the mouth clofes, and the lips 

a, incline a little inwards ; the arms a c appear to join 

in a bundle, and to come out of the middle of the po¬ 

lype’s- mouth, as at a, fig. 415* 

After the polype is turned, extend it as much as pof- 

lible with the hair pencil, then taking an hog’s briftle 

with a knot near one end thereof, run the other end 

through the polype’s body, near its lips ; at that inftant 

let the other end of the briftle e, drop into the water, 

and with the point of the pencil, pufh the polype to the 

middle a, of the briftle, fig. 416. then take out the briftle 

and polype, and put them into a glafs, f, e, g, h, taking 

care that it only touches the glafs by its two extremities 

c and d, that the polype may be a great way from the 

bottom 
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ibottom ana Tides thereof, and the knot end towards the 

bottom ; that if the polype fbould hide by its own weight, 

it mmht not be able to difengage itfelf. This method is 

ufed to prevent the polype from turning itfelf back into 

its natural ftate, v/hich they fometimes do in twenty-four 

hours after they have TufFered this operation ; and often 

after they have been turned, and fpitted, to prevent them 

from returning, they have tore their lips, and by that 

means have formed two heads. 

Several young ones have been produced from thefe 

turned polypes, which have alfo multiplied. 

Sometimes they will eat in two days after they have 

been turned, but generally not till four or five days 

after. 

Moft of thofe Mr. Trembley turned, endeavoured to 

return themfelves again, but could not entirely effedl 

it, remaining like a polype partly turned, as at fig. 406. 

the fkin of its anterior part being applied upon the other, 

and forming a kind of pad at the anterior end a c, one 

part thereof being turned, and the other not. Its lips a, 

are no more at the anterior end, but are round that part 

of the body which is not turned back again, from whence 

alfo the arms proceed, varying their diredhon, fometimes 

pointing towards the tail, fig. 406. and at others are bent 

over the head,fig.407. their anterior extremity c, fig. 406. 

formed by the edges of the reverfed part c a, remained 

open, and fome days after began to clofe 5 and on being 

attentively obferved, new arms began to (hoot near the 

old ones, and feveral mouths r were alfo formed near 

the middle of the bodies of thefe polypes, that is to 

fay, near the place where their arms joined the body at 

a, fig. 406. 
A polype 

1 Hkk de Polype, p. 2,68. 



204 Of the frejh Water Polype. 

A polype partly turn’d back again, remains but a little 

while in that fituation, as at fig. 406. The place a, to 

which this return’d portion a c, was fixed to the other 

part a b of the body, became a little ftreighten’d, and 

the portion a c, formed a right angle therewith, as is 

ihewn at fig. 408. where a c reprefents the returned por¬ 

tion, and a b the other part of the body; the fame day 

another head appear’d at e, and .federal arms began to 

fhoot, on one fide a o, of one mouth, a o n, -which was 

formed on this fide; the other fide a n of this mouth, 

being border’d by part of the old arms ad, ad. Next 

day the lips of the new mouth was difpofed in form of 

a conical nipple, and the new arms fmaller than the old 

ones. The fame day the returned portion a c, fig. 408. 

which the day before made the right angle c a b, with 

the other part a b, not returned, was drawn nearer to 

this laft part, and made an acute angle therewith, as at 

fig. 409. where a c reprefents the returned portion, and 

a b that portion not returned. The doubtful part e, re¬ 

main’d as before; a worm being given to it, fell upon 

the old arms, was feizcd, conveyed to the new mouth, 

and fwalloweu in an hour’s time, and the portions a c, 

a b, and a e, fig. 409. were fwejled with the contents 

of the worm. 

Four days after, its form was much different, as ap¬ 

pears by a companion of the figures 410, and 411, whereof 

a c, reprefents the returned part, and a b, the part not 

returned. Having now but one common month a, fig. 

410. the new arms are feen between a and t, the equi¬ 

vocal part e as in the figures. 

This form was changed but little in fifteen days, as is 

feen on comparing the two foregoing figures ; the old 

mpus Yv'liich were before between a and t being vaniflied, 

and a head at u, fig. 411. which was at firft taken for 

a 
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a young one, but remain’d in the fame ftate above three 

months. This polype had two young ones, which pro¬ 

ceeded one from g the returned part, and the other from 

f, the portion not returned. 

Thefe cbfervations are fufficient to fhcw the nature 

of a polype that is partly turn’d • back again, and the 

different revolutions made in thefe animals, are Teen in 

the figures 406, 408, 409, 410, and 411. which repre- 

fent the fame polype, and the return’d part always a c, 

and that part not returned a b. 

Thefe changes are not exactly the fame in all polypes, 

but vary confiderafely, feldom any two of a great num¬ 

ber being perfectly alike. 

The polype reprefented by fig. 417. was turn’d, and 

the following day returned part of its head, as at fig. 

407. which feven days after was formed into three heads, 

as at fig. 417. a b, {hews the tail of the polype, which 

remain'd turned, a d c g e, the portion turn’d back 2- 

gain fo considerably changed as to form three heads 

d g e. 

Fig. 418. exhibits the fame polype fourteen days older, 

ab the portion which remain’d turn’d, aden geo, the 

portion turn’d back again, ad, n g, n e, its three heads 

and necks ; -marked d, g, e, in the foregoing figure. 

Fig. 419. is the fame polype thirteen days after it was 

in the ftate of fig. 418. The portion oc of fig. 418. is 

parted from o to c, and the two portions, b a c d o, and 

engeo, fig. 419. are only faftened to each other by a 

thread o, ab, is the turned portion, a c and o c two porr 

tions, which in the preceeding figure are re-united, and 

marked oc, ad, n g, n e, and are the three heads with 

necks, and are marked by the fame letters, fig. 418. 

The two portions held by the thread o, fig. 419. are 

feen as they were feparated in fig. 420^ and 421. a h, fig. 

420. 
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420. is the turned part, and a d one of the heads, n gr 

ne, fig. 421. the two other heads. 

Mr. Trembley imagined, that if one polype could be 

put in the ftornach of another, in fuch a manner, that the 

external fuperficies of the fkin of the firft, fhould be ap¬ 

plied to the internal fuperficies of the fkin- of the fecond, 

they might flick together, and become but one polype. 

To introduce one polype into another, firft feed fome 

of them, and when they are fwelledby the aliments, their 

mouths will be alfo extended. Take that polype out 

of the water, you would introduce into the ftornach of 

another, and put it upon your left hand, making it con- 

trad!: as much as poftible by ftroking it with an hair pen¬ 

cil, in fuch a manner as to force the aliments out of its. 

ftomach, and thereby caufe its mouth to open; then 

taking a hog’s brittle in the right hand, put the biggeft- 

end thereof into the polype’s mouth, and t'hruft it to the 

bottom of its ftornach. When this is done, place the 

polype upon your hand, into which this is to be intro¬ 

duced, caufing it to open its mouth, as in the other po¬ 

lype, and thruft that which is upon the hog’s brittle, into 

the ftornach thereof, and dip it into a glafs of clean water, 

that you may examine it with a magnifying glafs ^ then 

to prevent the inner polype from extricating itfelf, fpit 

them both together upon an hog’s brittle. 

Fig. 422. reprefents two polypes put one into the 

other, a b the exterior polype, and c a, b d, the interior 

one • e f in all the figures {hews the hog’s brittle which 

run through both the polypes at e. 

Fig. 423. is the fame polype, a i b the exterior one, 

c a i d the interior one ; the part i d by bending having 

ript up the part i b of the exterior polype, and by this 

means got out. 

Fj O'. 
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Fisc. 424. fnews the fame two polypes, whereof a d, 

of the interior, tore the part i b of the exterior one far¬ 

ther up, even to e ; where the briftle at hr ft ran through 

both the polypes together : but when in the ftate repre- 

fented by this figure it pierced the interior one c a i d at 

e, and the exterior one a i b at i. . 

Fig. 425. reprefents the fame two polypes after the 

.anterior one a e b, had tore up the lips of the exterior 

one, ced, and came out therefrom ; they were feparated 

in a few days, and both of them did well. 

Mr. Trembley hath given us a curious drawing of an 

aquatic animal wrhich he calls a plumed polype; it is re- 

prefented as they appear in the microfcope at fig. 426. 

The plume and length of its body taken together are 

about two twelfths of an inch in length, its body very 

final], almoft cylindrical, and fkin perfectly tranfparent. 

The plume is a continuation of this tranfparent fkin, 

very large in proportion to its body, and of a very re¬ 

markable figure. 

Its bafe e a c is in the form of an horfe-fhoe, from 

the edges of which proceed the arms ad, a d, ad, whofe 

extremity is a little turned outwards, and are fo clofe 

together, that the plume contains 50 or 60. The bafe 

e a c of this plume ferves the animal for a mouth ; its 

inteftines may be diftinftly feen through this tranfparent 

fkin at e b, f g, f a, and are of a brown colour; after the 

animal hath eaten, three principal parts of their inteftines 

are vifible, the gullet e b, the ftomach f g, and the ft rail 

inteftine f a. 

Thefe animals withdraw themfelves into a cafe i, k, I, 

B, I, m, that feems to be compofed of the fame Iranfpa- 

rent matter with the fkin of the body, which is faftened 

by its inferior extremity i b, IB, to the orifice of the 

cafe j fo that whenever the .animal retires into the cafe, 

' the 
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the Ikin of the body is reverfed. The plume which is 

upon the bafe c, enters with it, and appears, wEen all 

inclofed, like A B. After it is thus inclofed, it will foon 

come out again if it be left quiet. 

When it is out of the cafe, you may fee a tendon fixed 

by one end g, to the inferior extremity of the ftomach; 

and the other at o, the bottom of the cafe. There is 

alfo another of thefe tendons fixed to the bafe of the- 

plume at a, and the other end of the fame to the bottom 

of the cafe at o ; it is by the help of thefe two tendons 

that the animal draws itfelf into the cell. 

Thefe plumed polypes are feldo.m alone, but many of 

them placed together one by the fide of the other; and 

there are feveral of them that come out of the fame cafe, 

but by different orifices, which is the way they multiply. 

At firft there is a little elevation upon the fuperficies 

of the cafe of an old one, after which the body and plume 

s t begin to appear; or when a young one begins to 

fhoot the bafe of the plume and points of its arms uuu, 

fhew themfelves and increafe as the body enlarges. 

They can only eat very fmall animals, but of thefe 

they devour great numbers in a day. 

The quick motion of the plume, or rather the fe%- 

ther-like arms thereof, form a kind of whirlpool, into 

which moil of thefe little animals that are fwimming 

near it are precipitated. 

Every inffant one or two of its arms fuddenly bend 

into the plume, and immediately replace themfelves into 

their firff: fituation ; the fame arm feldom bends twice to¬ 

gether, nor do they touch the prey but by their rapid 

and continued motion caufe a turning hi the water, 

which conducts thofe minute animals into the plume, al¬ 

though they make feveral efforts to efcape, • the - fudden. 

inflection of one arm, adds a new degree of rapidity to 

the 
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the torrent which hurries them into the plume, where 

they are immediately fwallowed, by the mouth which is 

in the midft thereof. 

Of vegetables. 

THIS feemingly inferior branch of the creation, 

when carefully attended to, by the afliftance of the 

microfcope, exhibits to us an ample fcene of the creator’s 

wifdom, curiofity, and art, in the wonderful contrivance 

even of the moft abjedt vegetables, but more efpecially 

in the anatomy of them; wherein may be feen the ad¬ 

mirable provifion made for the conveyance of the lym¬ 

phatic and effential juices, in communicating the air, as 

neceffary to vegetable as animal life, and more particu¬ 

larly in the generation and make of the feed, wherein 

the lineaments of the parent vegetable are inclofed in 

miniature; and wherein alfo we fee that God Almighty 

has by one a& of his creating power provided for all fuc- 

ceeding ages; and the future pofterity of each feed does 

of neceflity produce its own refemblance : for the pre- 

fervation of which, nature hath endow’d fome with light 

downy wings, to be conveyed about by the winds; others 

are laid up in elaftic fpringing cafes, that upon bund¬ 

ing dart their feed at convenient diftances, and others, 

&c. are planted by the induftry of the hufbandman. 

The feeds of plants are inclofed in different (heaths 

•Of cafes, till they are lodged in the earth. Some are de- 

pofited in the very heart of the fruit, as the kernels of 

apples and pears, others grow in cods or (hells, as peas, 

beans, lentils, poppy feeds, and cocoa nuts; fome in 

wooden (hells, &c. 

The farina of flowers appears to the naked eye a kind 

of mealy powder, which is found on the pendant tops of 

P almoft 
1 
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almoft every flower; Its colour various in different flow¬ 

ers, but its ftruCture conftantly the fame in plants of 

the fame fpecies. Here alfo the microfcope hath difco- 

vered furprizing beauties, and hath ihewn us, that this 

powder is produced with the utmoft care in veffels won¬ 

derfully contrived to open and difcharge it, when it be¬ 

comes mature, and that there is a piftil, feed-veffel, or 

uterus, in the center of the flower, ready to receive the 

minute grains of this powder, either as they fall of 

themfelves, or are blown out of their little cells. We 

are alfo taught by experience, that the fertility of the 

feed entirely depends on this; for if the farina veffels 

are cut off before they open and fhed their powder, the 

feed is unprolific 

Of feeds. 

T HE feed is the laft produCt of a plant whereby the 

fpecies are propagated ; it is frequently the fruit of 

the plant, as is the cafe in moft herbs: fometimes it is 

only a part inclofed in the fruit, and that in form either of 

grain, kernel, or berry. 

It is the natural offspring of the flower, and that for 

whofe production all the parts of the flower are intended ; 

fo that when this is once well formed, the feveral parts 

of the flower dwindle and difappear. 

It is produced from the farina of the apices let fall on 

the head of the piftil, and thence forwarded to an uterus 

at the bottom thereof, divided into feveral cells; where 

coming to receive the nutritious juice of the plant, it is 

ftrft foftned, then fwelled, increafed both in matter and 

bfislk, and at length comes to its ftate of maturity. 

By 

l Phil. Tranf. No. 207. 
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By the ufe of the microfcope we difcover in the feed 

feveral parts of the future tree, only in miniature; par¬ 

ticularly a little root called the radicle, and the Hem 

called the plumule. 

I {hall exhibit the curious and gradual procefs of na¬ 

ture in the vegetation of the feed ; and fir H, in that of 

the garden bean, reprcfented by fig, 427. by which a 

general idea of all feeds may be eafily formed. It hath 

a fthall hole at a, that upon diffedtion is found to ter¬ 

minate againft the flalk of the plumule ; its end is appa¬ 

rent at a, in the tranfverfe feclion of the bean, fig. 428. 

in which figure the feveral coats of the bean appear, the 

innermoH is every where twice, and in fome places thrice 

as thick as the outermoH; and where it furrounds the 

{talk of the plume, it is fix or feven times as thick, as 

may be feen at b, fig. 428. 

The hole a, fig. 427* is not cafuaily made by breaking 

off the {talk, but defign’d for the nurture of the young 

plant, and may be feen in feveral other kinds, as peas, 

vetches, french beans, lupines, lentiles, &c. in other 

feeds alfo, medica tornata, faenugreek, goats-rue, &c. in 

feveral of thefe it is not difcernable without the afliftance 

of the microfcope; and in fome not without cutting off 

part of the feed. When any of the above-named feeds 

have been foaked in water, feveral bubbles will alter¬ 

nately break through this hole on their being fqueezed. 

All feeds having thick and hard covers, are alfo perfo¬ 

rated in the like manner; and thofe lodged in Hones and 

{hells, though not vifibly perforated, yet the Hones and 

{hells themfelves always are. When the coats of the bean 

are flripped off, the feed appears ; its main body is divided 

into two lobes, joined together at the bafe of the bean, 

as at fig. 429. In young beans, efpeeially if boiled, thefe 

*obes eafily {lip afunder; but in dry beans are very diffi- 

P 2 cult 
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cult to be feparated, unlefs they be firft macerated fo 

twenty-four hours in water. Some few feeds are divi¬ 

ded into more lobes, as the crefles into fix, and fome not 

at all, as grains of corn, &c. moft other feeds, even the 

fmalleft, are divided exactly into two lobes like the bean; 

that which joins the two lobes together is called the Item 

or radicle, out of which the root is formed when the feed 

vegetates. This item is found in all feeds; in the bean 

and feveral others, it is fituated fomewhat above the thick, 

end, in oak kernels, commonly called acorns, apple-ker¬ 

nels, almonds, &c. it ftands prominent juft from the 

end. 

The plume or bud iflues out of this ftem, and is that 

which afterwards becomes the trunk of the plant, fe- 

parable in feveral already formed, though not difplayed, 

leaves, which appear upon the fprouting of the feed, and 

may be feen in the feed itfelf by the aififtance of the mi- 

crofeope. 

The plume is inclofed in a cavity formed in the lobes 

on purpofe for its reception, which may be feen at b, fig. 

429. it is almoft of the fame colour with the radicle, or 

little root, on the bafts whereof it is fuftained. 

It is the firft part that appears out of the earth; as in 

effedf it is the firft part that appears out of the mem¬ 

brane, or cover of the feed, there being a hole over againft 

it in the membrane, through which it makes its efcape. 

It is the appearance of the plume without the cavity 

of the grain, that makes what we call the bud or germ 

of a plant. 

In difte&ing a bean, if you hold your knife aflope, 

and very gently bear upwards, an exceeding thin and 

tranfparent Ikin will fliew itfelf, juft as the knife enters ; 

this Ikin is not only fpread over the convex of the lobes, 

but alfo upon the flat thereof, and is extended both upon 
the 
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the radicle and plume, and fo all over the bean. This 

fine {kin vegetates imperceptibly, and the two extremities 

of the bag, which furround the head of the bud, expand 

and rife with it in order to preferve it from all fuch 

fri&ions as may injure its tender and delicate texture *. 

Next to this is the parenchyma, confining of an infinite 

number of extremely fmall bladders, which may be feen 

in a very thin flice of a bean when applied to the micro- 

fcope, and appears like pith while fappy in the roots and 

trunks of plants; on cutting the radicle tranfverfiy in 

feveral parts, another body of a quite different fubftance 

from the parenchyma or pulp, will be found, which is 

alfo confpicuous in a tranfverfe fe&ion of the lobes, and 

appears there like feveral fmall fpecks, and of a different 

colour from the pulp: thefe are the feveral branchings of 

the tubes proceeding from the radicle, and forming but 

one intire trunk till it rifes to a b, fig. 430. from whence 

it ifliies forth into three main branches, the middlemoff 

diredtly into the bud c, and the other two after a little 

fpace, pafs from e e on either fide into the lobes, where 

they divide into fmaller branches, and thefe again fpread 

into other more minute ramifications, and terminating 

near the verges of each lobe, become a perfedl root. 

This feminal root being fo tender, is difficult to be dif- 

covered, but may be come at by a careful paring off the 

parenchyma in thin fiices lengthwife, in new beans; or 

if old beans are foaked a conliderabie time in water, the 

fame may be effe&ed. 

The fpecks that appear on cutting the radicle and 

plume tranfverfiy, are moff vifible in the bean and great 
lupine. 

The feminal root hath not yet been difcovered in apples, 

plumbs, nuts. Sec. partly from their colour, being the 

P 3 fame 

* Crew Ana. Plant, p. 4. 



2 r 4 Of Vegetables, 

fame with that of the pulp, yet in the gourd feed the 

main branches with their feveral ramifications appear im¬ 

mediately on feparating the lobes. 

The parenchyma of the lobes is a kind of meal inter¬ 

mingled with a nutritious juice, or fap of the earth, form¬ 

ing a kind of pap or lafteous fubftance, which being fil¬ 

tered through the feveral branchings of the feminal root, 

are conveyed through the two fmall tubes a and b, fig. 

430. into the bud, which is gradually replenifhed there¬ 

with. When thefe feminal roots have communicated all 

the nourifhment of the lobes to the young plant, they 

begin to wither; together with the fkin that covers them 5 

the Item or radicle then alfo begins to take root in the 

ground for its future fubfiftance. 

The coats of the feeds. 

HO W it was in its ftate of vegetation hath juft been 

ftiewn; it remains then to inquire into its ftate of 

generation; for what in the other ftate was not apparent, 

or intelligible, will in this occur ; and here alfo we fhall 

find a large field for the employment of the microfcope. 

The two general parts of the feed are its covers and 

body. The covers in this ftate are ufually four; the 

©utermoft, which is called the cafe, and is of various 

forms, fometimes a pouch, as in nafturtium, cochlearia, 

&c. a cod, as all pulfe; fometimes parted as forrel, knotted 

grafs, &c. The two next are properly the coats, in a 

bean efpecially, and the like; from whence the denomi ¬ 

nation may run to the correfponding covers of other 

feeds 5 their figures are fometimes kidney’d as alcea, 

behen, poppy; triangular, as polygonatum, forrel, &c. 

fphericallv triangular, as mentha, melifta, &c. circular, 

in leucoium, amaranthus 3 globular in. napus, afperula; 

oval 
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oval in fpeculum veneris, tithymalus; feini-globular in 

coriander, femi-oval in anife, fennel, pirimidal in gera¬ 

nium, althaeaefol, with many other differences. 

Sometimes gliftering, as in Venus looking-glafs, rough 

caff in catanance, ftudded in behen, blataria; favous in 

papaver, antirrhinum, lepidum, annum, alcea-veficaria, 

hyofcyamus and many more, u before the feeds have lain 

long by ; pounced in phalangium cretae, lithofpermum ; 

ramified in pentaphyllum fragiferum erectum majus, re- 

fembling the fibres of the ears of the heart. 

All feeds have their outer coats open, as in beans and 

pulfe, as before fhewn, or elfe by breaking off the feed 

from its peduncle or ftool, as in cucumber, chicory, &c. 

or by the paffage of a branch or branches, not only into 

the concave near the cone or top of the feed, but through 

the cone itfelf. 

The fourth or inmoft cover, is called the fecondine, a 

fight of which may be obtained by cutting off the coats 

of an infant bean in very thin flices; at the cone thereof, 

if not broke, it is tranfparent; if torn, it gathers up into 

the likenefs of a jelly. In large old beans it is not to be 

diftindlJy feen, but in moft feeds it may, even when full 

grown, as in cucumber, colocynthis, burdock, cartha- 

mum, gromwell, endive, mallows, See. though in thefe 

it is generally thin and difficult to be difeovered, yet in 

fome kernels, as apricocks, it is very thick, and remark¬ 

ably fo in fomc other feeds. 

The concave of this membrane is filled with a moft 

tranfparent liquor, out of which the feed is formed, as ap¬ 

pears on cutting an infant bean, or better in a young 

walnut. *' 

Through this membrane, the lignous body, or feed- 

branches, in the inner coat, (hoot down in two flender 

P 4 fibres* 

“ Grew. An. Plants, p. 45. 
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fibres, near the bafe of the radicle, one into each lobe of 

the bean, and there fpread into a great many ramifica¬ 

tions, which convey the juices on the vegetation of the 

feed, into the radicle and plume, as before defcribed. 

Of the feed cafes or membraneous uterus. 

THE feed cafe is a kind of flefliy uterus, growing 

more moift and pulpy as the feed ripens, but the 

cafe itfelf whether called cod, pod, or by any other name, 

is a membraneous uterus, which grows more dry and hard 

as the fruit ripens. In fome the feed cafe is originally 

open, in others it opens when the feed is ripe, and in 

others not at all till the feed is fown. 

Garden radifh-feed breaks within as it ripens into fe- 

veral white dry membranes, round about the feed. Near 

the fides of the cafe run a pair of vafcular fibres, from 

which branch forth feveral fmaller fibres, fome towards 

the fides of the cafe for their fupport, and others towards 

the center thereof upon which the feeds hang, fig. 431. 

Of thofe which open as foon as the feed is ripe, fome 

open at the top, as poppy heads, fig. 432. others on the 

fide, as moft cods ; and fome at the bottom as codded 

arfmat, fig. 433. the poppy head is divided by eight or 

ten partitions into as many ftalls, and on both fides the 

partitions hang a moft numerous brood of feeds. 

Of thofe which open on the fide, fome open on one 

fide, fome on both, others with three fides, fome more, 

and others horizontally, or round about. 

The cod of a garden bean opens on one fide, and hath 

a two-fold parenchyma ; in the outermoft ftands all the 

veflels in feveral parcels, from one of which, being larger 

than the reft, and at the back of the cod, fhoots forth 

thefe lefier veflels whereon {he beans grow $ the inner 

tPulp 
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pulp is wholly compofed of bladers, in which many of 

thofe threads whereof the bladders are wove, are fo loofe, 

as to be eafily drawn out to a confiderable length, and 

are very vifible when applied to the microfcope. 

The feed cafe abed, of yellow henbane, fig. 434. 

opens on both Tides, from its top at a, grows a Item, 

which diminilhes as the cafe fwells, and at laft falls off". 

On the fides of the cafe run two oppofite*vafcular fibres, 

and as the cafe gradually increafes, it as gradually fepa- 

rates on both fides in the tract of the aforefaid fibres as 

at b. The cafe is lined with a fmooth thin {kin, in 

whofe center is a great parenchymos bofs c, being the 

bed of the feeds which lie all over as in a Itrawberry; 

throughout this bed the veffels d, for the generation and 

nourilhment of the feed, are diftributed, as may be feen 

in the tranfverfe fedtion thereof at d, in which a very 

fmall fibre, {hooting from the diredt fibres obliquely into 

each feed, is plainly vifible. 

The feed cafe of a tulip, whereof a, reprefents the cafe 

intire, b is a tranfverfe fedtion of it, and c the cafe fplit 

down. Fig. 345. it opens on three fides, from the midft 

of each proceeds a partition, all meeting in the center 

of the cafe, and making fix divifions for the feed. The 

veflels are curioufly difpofed after they rife above the 

ftalk, being at firft divided into three principal branches, 

running along the three angles of the cafe, from which 

divers lefler branches tend horizontally, and meet at the 

middle of each fide; whence they proceed through the 

breadth of each partition to their edges, in the center of 

the cafe, where they are again diftributed into very fine 

and ihort threads, whereon the feeds hang. 

The feed of anagallis or pimpernel, fig. 436, is a little 

globe opening horizontally into two hemifpheres, the 

uppermoft 
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uppermoft falls off when the feed is ripe, and fa the wind 

fbws them. 

The feed-cafe of codded arfmat, fig. 433. neither opens 

at the top nor on the fides, but at the bottom, being cora- 

pofed of four fides; In the center of the cafe, is a column a, 

upon which the feeds hang loofely. Fram this mecha- 

iii&nt that violent ejaculation ©f the feed is intelligible, 

which is not amotion in the feeds themfelves, but con¬ 

trived by the ftrucfure of the cafe, the feeds hanging 

very loofely, not on the fideS of the cafe, but on the item 

In the center thereof, with their thickeft ends downwards, 

Handing ready for a difcharge 5 the fides of the cafe being 

lined with a ftrong membrane, they perform the office of 

fo many little bows remaining fail at the top b, are 

let off at bottom, and forcibly curl upwards and drive ail 

the feeds before them. 

Of the number and motion of feeds. 

NAture hath procured the propagation of plants fe- 

veral ways, but chiefly by the feed; for the pro¬ 

duction of which the root, leaves, flowers and fruit do all 

officiate; and according as the plant or the feed it bears 

is more or lefs liable to be defiroyed, provifion is made 

for the propagation of either by a greater number of feeds, 

or otherwife ; for inftance, the feeds of ftrawherries being 

gathered, or eaten by vermin with the fruit, the plant 

thereof is eafily propagated by trunk roots j the white 

poppy being an annual plant is highly prolific, com¬ 

monly bearing about four mature heads, in each of 

which are at leaft ten partitions, on both fides whereof 

the feeds grow, and on one fourth part of one fide, about 

a hundred feeds, that is eight hundred on one partition, 

which multiplied by ten makes eight thoufand, and this 

multiplied 
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multiplied again by four, the number of heads, gives 

thirty-two thoufand feeds, the yearly produdt of that 

plant. 

So alfo in typha major, the feeds being blown off and 

fown with great hazard, are prodigioufly numerous, they 

ftand altogether upon the fpike, and make a cylinder at 

leaft fix inches long, and near live eighths of an inch in 

diameter. Nine of thefe feeds fet clofe together upon a 

right line make but the eighth of an inch, fo that feventy- 

two make a line of an inch in length; but becaufe upon 

the fpike, the hairs belonging to the feed come between 

them, we will abate ten, and count but fixty-two; to 

which if three fourths be added (abating the fraction, 

viz. 46.) makes a hundred and eight, for the circumfe¬ 

rence of the cylinder, which being fix inches long, there 

are fix times fixty-two for a line the length of the cylin¬ 

der, which is three hundred feventy-two; which num¬ 

ber being multiplied by a hundred and eight, produceth 

forty thoufand one hundred and feventy-fix, the number 

of feeds that ftand upon one ftalk : therefore upon three 

ftalks which one plant commonly bears, there are in one 

year a hundred and twenty thoufand five hundred twenty- 

eight feeds. 

As foon as the feed is ripe, nature taketh feveral me¬ 

thods for its being duly fown, not only in opening the 

uterus, but alfo in the make of the feed itfelf; for firft the 

feeds of many plants which effedi a peculiar foil, as arum, 

poppy, See. are.'heavy and fmall enough without further 

caie to fall diredtly down into the earth, and fo to grow 

in the fame place where they had their own birth. But 

if the feeds are fo large and light as to be expofed to the 

wind, they are often furnifhed with one or more hooks, 

to prevent their wandering too far from their proper place, 

till by the fall of leaves or otherwife, they are fafely lodged. 

The 
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The feeds of avens have one fingle hook, thofe of agri¬ 

mony and goofe-grafs many, both the former loving a 

warm bank, and the laft a hedge for its fupport; on the 

contrary, divers feeds are furnifhed with wings or fea¬ 

thers, partly with the help of the wind to carry them 

when ripe from off the plant, as thofe of afh, maple, 

orach, &c. leaft flaying thereon too long, they ftioulcj 

either be corrupted, or mifs their feafon, and partly to 

enable them to make their flight more or lefs abroad; 

that by falling together, they may not come up too thick, 

and if one fhould efcape a good foil or bed, another may 

fight thereon. The kernels of pine have wings, not 

unlike thofe of fome infects, but very fhort; in refpedt of 

the weight of the feed, they do not fly into the air, but 

only flutter about upon the ground j thofe of typha dan¬ 

delion, and moft of the papous kind, with many more, 

have very long, and numerous feathers, by which they 

are wafted everywhere, and to any convenient diftance. 

Some feeds are flatter’d, not by flying abroad, but by 

being fpurted away as wood-forrel, fig. 437. which is ef¬ 

fected by a white, thick and ftrong cover of tendons of a 

fpringy nature, in which the feed within its cafe is in- 

clofed. This cover, as foon as it begins to dry, burfts 

©pen in an inftant, on one fide, and is violently turned 

infide out, and fo fmartly throws off the feed. 

The feeds of harts-tongue, fig. 439. and all that tribe, 

are flung or fhot away by a curious contrivance in the 

feed-cafe 5 as in codded arfmart, or other like plants, only 

there the fpring moves and curls up inwards, but here it 

moves outwards; every feed cafe ftands upon a little pe¬ 

dicle, a a a, fig. 439. being of a filver colour, and of a 

fpherical figure ; it is girded about with a ftrong tendon 

or fpring a, (whofe furface refembles a fine fcrew, of a 

golden colour, which breads the cafe, immediately upon 

its 
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its becoming elaftic enough) into two hemlfpherical 

cups, as at b c, and by that means fling off the feeds* 

Thefe cafes grow in furrows, d e, d e, d e, on the back 

of the leaf, as at fig. 438. in one of which of an inch 

long, are more than three hundred of the above-menti¬ 

oned cafes j and allowing ten feeds to every cafe, makes 

three thoufand feeds ; which multiplied by the number of 

furrows in one leaf, with allowance of the lefler furrows, 

and that fum by the number of leaves commonly grow¬ 

ing upon one root, amounts to above a million of feeds, * 

the annual product of this plant. The feed is of a tawny 

colour, flat and fomewhat oval j of thefe ten thoufand 

are not fo big as a white pepper corn. Fig. 439. repre- 

fents a few of the feed-cafes magnified; they were cut 

out of the furrow at f, in the leaf reprefented by fig* 

4s8‘ 

Divers notable means of femination are obferved by 

other authors. Mr. Ray tell us, that a quantity of fern 

feed, laid in a lump, on a paper, the feminal veficulae 

are heard to crackle, burft, and, by the microfcope, the 

feeds are feen to be projected to a confiderable diftance 

from each other. 

Dr. Sloane obferves, that the gentianella flore caeruleo, 

or fpirit leaf, requiring wet weather to be fown in, as 

foon as the leaft drop of rain touches the end of the feed 

veffels, with a fmart noife, and a fudden leap, it opens it- 

felf, and with a fpring fcatters the feed. 

Other plants fow their feeds by inviting birds by their 

agreeable tafte and fmell, to feed on them, fwallow them, 

and carry them about; thereby alfo fertilizing them, by 

palling through their bodies. In fuch manner are nut¬ 

megs and mizzletoe fown and propagated. 

Of 
* Grew. Ana. Plant p. 119 
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Of the cover of the feeds. 

HP next ftep which nature takes, relates chiefly to 

the growth of the feed, when fown, and for this 

purpofe the outer covers are fomewhere furnilhed with 

apertures, fufficient for the reception of alimental moi- 

fture, to be received from the ground, and for the {hoot¬ 

ing forth of the young root into it; as in the feed of a 

gourd at the bottom, in a bean on the fide, and in a chef- 

nut at the top, in which place the young plant always 

lies, and puts forth in the faid feveral feeds. The feed 

of palmi chrifti falls to the ground, not only in the ufual 

covers, but alfo in the faid cafe. 

If the cover of the feed be ftony, and very hard, it is 

divided into feveral pieces, whereby they eafily cleave 

afunder : the fhell of a hazel nut, divides on the edge, and 

the cleft begins at the point, where the root Hands and 

ihoots forth ; the fhells of fome walnuts cleave into four 

parts, and the Hone of bellerick myrobalan into five: 

the covers and hulks of fome forts of grain, as millet, are 

folded over each other, the better to give way to their 

tender fprouts. 

The covers of all, or at leaft the .far greater number of 

feeds, are three, and fometimes four, even thofe of ftoned 

fruits have three, befides the ftone; in goffipium, there are 

two under that lin’d with cotton. The feeds of cucum¬ 

bers, goat’s beard, broom, fcabious, lattice, &c. although 

fo fmail, have plainly three coats ; in fome of thefe, and in 

many more, only two are diftindtly vifible, except in the 

Hate of generation. In the upper coat the feed-vefiels 

are difieminated ; the fecond is at firfl: a mere pulp, which 

afterwards fhrinks up, and fticks clofe to the upper. The 

third or inmoft more denfe $ and if it be thin, for the mofl 

part 
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part tranfparent; whereby the feed feems to be fometimes 

naked while it lies therein, as in almonds, cucumbers, &c. 

In meliffa, and feme other feeds, it comes finely off, on 

being foaked in warm water. 

Of the foetus, or true feed. 

MONG feeds of the thinner covers are thofe of 

La. all forts of corn and grafs, different from that of 

mod other feeds. The main body being of one entire 

piece, doubled in the form of a pair of lips. In the feeds 

of dates, and fome other like plants, that which is gene¬ 

rally called the {tone, feems indeed to be the main body 

of the feed, doubled or folded up in the fame manner as 

corn, to which that part which becomes the plant is an¬ 

nexed. In corn it is placed in the bottom of the main 

body, but here is a fmall round cavity in the middle of 

the back. 

For the moft part the main body is divided into two 

lobes, plainly to be diftinguifhed in moft kernels, and 

other large feeds, and not difficult in many leffer ones, as 

in viola-lunaris, fcabious, doves-feet, &c. if flipped out 

of their covers before they are full ripe; in hounds tongue 

they are of a circular figure; in cucumbers, oblong, with 

fome vifible branches of the feminal root, &c. 

In the foregoing feeds, the lobes lie fiat one againft 

another, but in garden raddifh they are folded up, fo as to 

receive the radicle into their bofom. In holy-oak the 

lobes are plaited over each other. In cotton feed they 

are very broad and thin, and their folds curious and very 

numerous, 

Many of the feeds, with bulky covers, are not divided 

into two lobes, being in a manner of one piece, as all' 

the bulbous kind : in fiag it is above twenty times bigger 

than 
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than the feed within it, and confifts of bladders radiated 

towards the feat of the feed, and thefe difpofed in parallel 

lines running lengthwife. 

But the greateft number of feeds with bulky covers, 

are divided into two lobes. In the purging nut of angola, 

if the fhell be taken off, the upper covers, (dried and 

flirunk up) feem to be but one : in thefe the fpermatic 

veffels are branched, and under them the thick and in- 

moft cover; which being cut down the middle thereof, 

Ihews the true feed, confifting of two veined leaves, as 

white as milk, joined together with the Hem or radicle at 

their bafe, and funk into a hollow made in the cover. 

The fame is alfo obfervable in the Barbadoe nuts, ricinus, 

Americanus, and fome other Indian fruits. 

In the foregoing fruits, the bulky is very foft, but in 

nux vomica officinarum, it is nearly as hard as a date 

ftone j in this, and the foregoing, the feeds are large, 

but in others are fo fmall, that they are fcarce difcernable 

without a microfcope, as in ftaphifagria. The thick or 

inmoft cover is conical towards the bafe, at whofe point 

is a little cavity where the feed is lodged \ the root thereof 

pointed, and lobes rounded at the top. In peony the 

fame cover is foft, white, and of an oval figure, the part 

ufed for medicine is thought to be the feed itfelf, but is 

near two hundred times bigger than the true feed; which 

lies in a little cavity near the bottom of the cover, with 

a blunt root, and two pointed lobes. 

In coffee-berries, the feed lies in the inner cover, near 

the top ; the back of the lobes are veined like two minute 

leaves, and joined to a long root. 

The feed of ftramonium is inclofed in a bulky cover, 

which being foaked in water, and carefully cut about the 

edges with a fharp razor or penknife, its feed may be 

taken out entire, and examined by the microfcope. 

Of 
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Of the buds of feeds. 

TH E ftalk of the plant rifes up from between the 

lobes, which may always be feen, in fome by the 

naked eye, and in others by the microfcope; in many 

plants nature fees fit only to lay the foundation thereof 

in a round node;- as in viola luniaria, See. 

But in moft feeds is formed a true bud, confiding of 

perfect leaves, in fome two, others four, &c. In bay- 

berry only two, very fmall, but thick, and finely veined; 

in the feed of carduus benedidtus, they are alfo two, 

pointed at top, and fituate a little didance from each 

other, for the two next to rife up between them. 

In fome herbs, although the bud confids but of two 

perfect leaves, yet they are very confpicuous, not only 

in the larger feeds, as phaefcolus, or French beans, but 

in fmall ones too, if examined by the microfcope, as in 

the feed of hemp. A B, fig. 441. in which' the two 

leaves are plaited, and fet edge to edge, c fhews the other 

part of the feed which was feparated to lay the bud fair 

to view. In the feed of feme, the bud hath four leaves : 

in the feed-bud of an almond C, D, fig. 442. there are 

fix or eight, and fometimes more didincf leaves vifible, 

if by a dextrous feparation of the outer, the innermod 

are laid open, they are folded inward one over the other, 

as appears at D, which reprefents them open, and at C 

the fame feed-bud is feen fhut. 

The lobes of the feed, and fo likewife the dalk and 

bud, confid of a {kin, parenchyma and branched veffels, 

as before deferibed; all which are apparent to an eye 

armed with a microfcope. 

Th« Q. 
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The firft {kin, as in French-beans, may be eafily fepa- 

rated from the parenchyma, efpecially if the bean be 

foaked in water for fome days, it will flip eafily off, and 

will be found to confift of bladders, fmalier than thofe of 

the parenchyma, and intermixed with a kind of lignous 

fibres which give a toughnefs to the fkin. The branched 

veffels run through the parenchyma, and compofe the 

feminal root in the lobes, being no where extended to 

the circumference of the lobes, but are all inofculated 

together at a confiderable diftance from it; all meeting 

therein in one folid nerve, but in the {talk are dilated into 

an hollow trunk, filled with a pith compofed of bladders, 

which in the {talks of French beans is very confpicuous; 

they confift of fap and air veffels as the other parts of a 

plant, not running collateral, the latter being fneathed 

in the former, and are plainly vifible in the microfcope. 

Of the generation of the feed. 

AS a garden bean was chofe to fhew the manner of the 

feeds vegetation, fo an apricock is very fit to ob- 

ferve and reprefent the method nature takes in its gene- 

ration. 

A proper uterus’ is firft prepared, both to keep the 

membranes of the foetus warm and fucculent, and to 

preferve and fecure it afterwards till it takes root in the 

ground. For this purpofe both the pulp and ftone of the 

fruit are necefiaryj but firft the ftone, the pulp being 

only neceffary to form the ftone, the petrifying of that 

parenchyma which is the ground of the ftone, being 

effected by the finking of the tartar x thereinto j for 

It 

f Grew. Ano of Plants, p, 209. 
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It is evident on catting a young apricock, and then 

with a fharp razor {having off a thin flice, and viewing it 

through the microfcope, that at firft the ground of the 

ftone is a diftindl and foft parenchyma, compofed of blad¬ 

ders, as the pulp itfelf is,which bladders, as they harden 

into a ftone, fill up and difappear. 

This parenchyma takes its rife from the pith, as the 

pulp does from the bark, and compofes the greateft part 

of the ftone; its infide is lined all over with a thin fkin, 

covering the feed branch on its firft entrance into the 

hollow of the ftone; which fkin is alfo compofed of ex- 

quifitely fmall bladders, by which means it foon becomes 

a very hard and dry body. 

The ftone being made hard and dry, could never be 

fufficiently foftened (to give paffage for the vegetation of 

the feed) by lying under ground, did it not eafily cleave 

in two; for which purpofe the fkin of the fruit is imme¬ 

diately concerned \ for in a tranfverfe flice of a young 

apricock, if it be cut with a fharp knife, this fkin may 

be feen (when applied to the microfcope) fairly doubled 

inwards from the two lips a b, a b, of the fruit, fig. 443 

and 444- and from thence continued through the pulp 

and ftone itfelf into the hollow thereof, where it meets 

and is united with the lining before-mentioned ; and as 

it conduces towards the drying of the ftone, fo alfo it 

renders it cleaveable in that part where it runs through it. 

Nature having thus provided a convenient uterus, her 

next care is about the membranes of the foetus, thefe are 

three apparently dlftinct, and in many refpedts different 

from each other. 

The firft of thefe, fig. 443. reprefents a tranfverfe flice 

of a young apricock near the lower end, {hewing the 

duplicature of the fkin half way through the ftone. Fig. 

444. a tranfverfe flice cut through the upper end, (hewing, 

2 the 
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the duplicature of the fkin quite through the ftone ; and 

at e f, fig 446. is fhewn the branches which run through 

the ftone to the flower and feed, in a well grown apricock 

cut lengthwife. 

The outermoft of thefe membranes takes its rife from 

the parenchyma, and furrounds the feed branch, and upon 

its entrance into the hollow of the ftone is expanded into 

two bladders, one within the other; whereof one be¬ 

comes the lining; of the ftone, the other the outer mem- 

brane, and is beft feen on cutting a young apricock when 

it is about half an inch long through the middle, or from 

the feat of the flower to the ftalk, between the two lips 

a b, fig. 443. At this age the outer membrane hath a 

full and firm body, and is compofed of bladders, as may 

be plainly feen on its application to the microfcope. 

The vcftels contained in the feed branch, are diftri- 

buted throughout this membrane, beginning a little below 

its fmaller end, and running round both ways, meet in 

the middle of the greater, where they are all inofculated 

and form a kind of umbelical node, as at a, fig. 445. from 

whence they ftrike deeper into it till they arrive at the middle 

membrane, where they become invlfible; thefe veflels con¬ 

vey the fap to the middle membrane, whole bladders are 

more angular and amplified towards the center, being atleaft 

two hundred 2 times bigger than thofe of the outer membrane. 

This middle membrane is fo called from the ftate and 

condition it hath upon the augmentation of the feed, at 

which time it obtains the name of an involucrum a, but. 

originally is every where entire without any hollow, 

filling up the cavity of the outer membrane like a foft 

and delicate pulp. After a ihort time a fmail channel 

appears therein, running from the bottom to the top; at 

firft no wider than to receive a.human hair, and then 

only 

z Grew. An, Plan, p, 210. 8 Ibid. 
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only vifible in a tranfverfe (lice, and that not without a 

microfcope; but when grown a little wider, may be feen 

if the membrane be carefully cut lengthwife, at which 

time it is dilated into two oval cavities, e f, fig. 446. 

one at each end, into which a moft pure lympha con¬ 

tinually owzeth, and is therein referved for the ncurifh- 

ment of the feed, and alfo paffes freely from one to the 

other. 

A few days after this, the inmoft membrane begins to 

appear like a foft bud growing out of the upper cavity, 

being joined to its lower end by a fhort and tender ftalk; 

from whence it is produced into a conical oval figure, 

anfwerable to that marked g in the cavity, fig. 447. This 

membrane, though foft and full of fap, is compofed of 

bladders, three hundred times fmaller than thofe of the 

middlemoft, by which means the feed is fo well guarded, 

as not to be fupplied with any other part of the lympha 

but the pureft, and that only but by flow degrees. 

If with a fteady hand this membrane be pulled very 

gently upwards, it will draw a fmall tranfparent firing 

after it to the bottom of the middle membrane ; this laid 

firing, though for the greater part parenchymous, is 

neverthelcfs llrengthened with fome lignous fibres, which 

feem to be a portion of thofe that are inofculated at the 

bottom of the outer membrane, and thence produced 

through the middlemoft under the channel which joins 

the two oval cavities, till at lafl they break forth into the 

upper cavity, where they form this inner membrane, 

which is originally as entire as the middlemoft; but as it 

increafes, becomes a little hollow near the cone, and the 

aforefaid lignous fibres fetching their compafs from the 

bafe, fhoot forth into the cone, and make a very fmall 

node therein, for the flrft eflay towards the generation of 

the feed, as at h, fig. 448. which are fpun out to the ut- 

Q, 3 moft 
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moil degree of finenefs for that purpofe. In this figure 

the inmofi: cover is laid open to {hew the feed itfelf. 

When this node is grown to about the fize of the 

fifth part of a cheefe-mite, it begins to be divided by a 

little indenture towards the top, as at k, fig. 449. which 

gradually grows deeper till the node is diftinguifhed into 

lobes or thick leaves; and as thefe increafe, their bafe is 

contra&ed into the radicle, or that part of the feed which 

becomes the root j at this time the feed is fo extremely 

fmall, that the lobes cannot be feparated ; but it is pro¬ 

bable, that as foon as the radicle is finifhed, the next ftep 

is the pufhing forth another node between the lobes, in 

order to the formation of the bud, and fo the perfection 

of the feed. 

This being done, or doing, the flalk of the feed is 

more and more contracted at bottom, and hangs at the 

inner membrane only by an extremely fmall and fhort 

ligament m, fig. 450. which at laid breaks; and then the 

feed, as fruits when ripe, falls off and lies loofe in the 

inner membrane, which gradually fhrinks up and be¬ 

comes more hollow to make more room for the farther 

growth of the feed. 

In Malpighi’s life was a debate between him and 

Seignior Triumphetti, provoft of the phyfick garden at 

Rome, whether the whole plant be actually contained 

in the feed ? the affirmative is maintained by Malpighi 

with cogent arguments ; among which this is one, that 

in a kidney bean, ’ere fown, the eye, affified with a mi- 

crofcope, eafily difcovers leaves, a bud, and even the 

knots or implantation of the leaves on the Item. The 

Item itfelf is very confpicuous, and plainly confifts of 

woody fibres, and a feries of little utricles. Whereas 

Seignior Triumphetti had objected, that by poverty, 

tranfpiantation, &c. feveral plants degenerate into others, 

parti- 
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particularly wheat into tares, and tares again into wheat. 

In anfwer to this, which is one of the flrongefl ob¬ 

jections again!! that opinion, Malphigi replies, that he is 

not fully fatisfied as to the truth of the objection; for 

that both himfelf and his friends making the experiment, 

no metamorphofis of the wheat fucceeded : but grant¬ 

ing the metamorphofis, it is the foil, or the air, or 

the culture that is in fault. Now, therefore, from a mor¬ 

bid, and monflrous condition of nature, there is no in¬ 

ferring her genuine and permanent flate. 

That experiment related in the following feCtion, of 

the orange kernel, which Mr. Leeuwenhoek made to 

germinate in his pocket, is a plain demonflration, that the 

plant, and all that belongs to it, was aCtually in the feed 

itfelf. 

Of the feed of oranges. 

THE procefs of nature in the vegetation of plants, 

is very accurately deliver’d by Mr. Leeuwenhoek, 

to the effect following, by an orange kernel which he 

made to germinate in his pocket, viz. 

The kernels of oranges being divefted of their outer 

membrane, will appear as fig. 451. on one fide of which 

lies a firing a, which caufes a little protuberance in the 

frrft fkin ; from this firing, not only the feed, but alfo 

the plant within it, receive their increafe and nourifhment, 

and to which through the fecond membrane, it extends 

its fmall veffels to the feat of the plant. Mr. Leeuwen¬ 

hoek was of opinion, that this firing does aCluallv com¬ 

prehend in itfelf, as many diflind veffels as are to be 

found in the orange-tree when arrived at its full matu¬ 

rity b. For, fays he, if all thefe veffels were not in the 
Q_4 young 

b Phil. Tranf. No. 287. 
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young plant, whilft it lies involved in the kernels ma¬ 

trix, whence could they afterwards proceed ? Fig. 452. 

reprefents part of the fame firing, cut a-crofs, and greatly 

magnified, which at K L M N, has abundance of ex¬ 

ceeding fmall veffels, but very difficult to be perceived. 

About I HN M, they grow larger, and confequently are 

more vifible. B, fig. 453. reprefents a feed divefted of 

its membranes, which feemed to have but one plant 

within it, though often there are two, and fometimes three 

difiindt feeds with their plants contain’d under the mem¬ 

brane of an orange kernel \ thefe feeds, with their inclofed 

plants, are eafily divided into two lobes ; which are 

framed by nature to nourifh the tender plant within, till 

it is able to (land alone, and draw its fubfifrence from the 

earth aboutit; having fplit the feed into two parts, they 

are reprefented by C and D, fig. 453. in the firft, is part 

of the plant, which would have become a tree, and is no 

bigger than a grain of fand to the naked eye. The coun¬ 

terpart of the raid kernel is reprefented at D, with the 

concave, in which part of the plant lay. Fig. 454. re¬ 

prefents the laft mention’d plant, as it appear’d in the mi- 

crofcope, whereof Q_L M is partly that which nature 

intends for the body and root of the tree; MNGPQ^ 

the leaves with which the young plant is already provided, 

NOP that part of the leaves which is foprewhat pro¬ 

tuberant, by reafon of the fmall inclofed leaves M N, 

and P Qg fhew the two Tides of the plant torn off from 

the kernel, to which it was united, and from which it re¬ 

ceived its nourifhment. Fig. 455. S T V, fhews the 

fame plant a little turned about before the microfcope, in 

order to reprefent the two largeft leaves, between which, 

according to all appearance, a great many fmall ones are 

fliut up. If the leaves be cut a-crofs, fome of the included 

ones may fometimes be difeerned, and on cutting that 

part 
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part of the plant which is to be the body and root of the 

tree, that which was defigned for the pith, and even the 

wood itfelf may be difcover’d. 

Fig. 456. fhews the root when the plant vegetates, 

T V and W X the two halves of the kernel, and Y that 

part which is to become the body of the tree. 

Fig. 457. reprefents the young plant of twelve days 

growth, whereof A C D fhews the root, and F G that 

part which is to be the tree, D E the feed or kernel, 

which being furrounded with its membrane, which was 

taken off the better to expcfe thofe parts to view, that ferve 

for the nourifhment not only of the root, but of the upper 

parts of the plant likewife, as alfo the fhort firing D. 

Thus we may fee how frnall a particle, that is no bigger 

than a grain of fand, c as the plapt was at firft, is in- 

creafed in biilk ! and all this is brought about by heat 

and moiflure, it being rais’d to this degree of perfection 

in feme fand firft moiffened, and then inclofed together 

with the feed, in a glafs tube, wore all day in the pocket, 

clofe to the body, and at night, placed within a large tin 

bottle, filled with hot water, which is a plain demonftra- 

tion that the plant, and all that belonged to it, was actu¬ 

ally in the feed; that is to fay, not only the young plant, 

its body, root, and fruit, but even its feed alfo, to perpe¬ 

tuate the fpecies; as hath been before obferved. 

Mr. Leeuwenhoek comparing the animalcula in femme 

mafculino, and thefe plants, computes them to be one 

million times fmaller than a plant in an orange-kernel ; 

and though we cannot make our obfervations of the 

growth and increafe of the faid animalcula from time to 

time in their mother’s matrix; yet we may certainly 

conclude, that the laws which the wife creator of all 

things hath preferibed to himlelf, in the production both 

of 
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of animate and inanimate creatures, are homogeneous 

and uniform; and that as the earth is the common ma¬ 

trix of plants, fc is the fallopian tube in moil of thofe 

animals that are formed ex femine mafculino ; for as thefe 

receive their nouriftiment, and increafe by a ftring, till 

they are brought into the world; fo are all feeds (at 

leaft as far as we know) fupported and nourifhed by a 

like ftring; and the feeds thrown into the ground, do 

again, by the fame firing, whereby they received their 

increafe, convey nourifliment to the feed or kernel. 

Of the feeds of venus looking-glafs, or corn 
violets. 

* 

IG 458. reprefents one of the feeds of corn-violets; 

X the feed is very fmall, black, and Alining, and to 

the naked eye looks almoft like a very fmall flea, but 

through the microfcope appears to be covered with a 

tough, thick, and bright, refledting fkin, very irregularly 

fhrunk, and pitted, that it is almoft impoflible to find out 

two of them wrinkled alike, fa great a variety there is 

even in this little feed. 

Of the feeds of thyme. 

^‘“JT'HESE little feeds, although they differ fomewhat 

in figure and bulk, yet when looked at through the 

microfcope, all of them exactly refemble a dried lemon, 

one of which is reprefented at fig. 459. fome of them 

are a little rounder, and of the fliape of an orange. They 

have each of them a confpicuous part, by which they are 

ioined to their little ftalks ; they are a little creafed or 

wrinkled, as is exprefied in the figure. 

Of 
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Of the feeds of poppy. 

POppy feeds, one of which is reprefented in fig. 460. 

deferve to be taken notice of among the other mi- 

crofcopic feeds of vegetables; both for their fmallnefs, 

multiplicity, and prettinefs, and alfo for their admirable 

foporific quality, although they grow in a very large 

cafe, yet are they fo fmall, as not to exceed the bulk 

of a very fmall nitt, being not above one thirty-fecond 

part of an inch in diameter; whereas the feed cafe often¬ 

times exceeds two inches, and is therefore capable of 

containing near two hundred thoufand of them. They 

are of a brownifh coloured red, curioufly honey-combed 

all over with a pretty variety of net-work, or a fmall 

kind of embofifnent of very orderly raifed ridges. 

Of purflane feed, &c. 

TH E feeds of purflane feems of very notable fhapes, 

and appear through the microfcope like porcelane 

(hells, as at fig. 461. It is coyled round in the manner 

of a fpiral; at the greater end, which reprefents the 

mouth or orifice of the fnell, is a white, (kinny, tranf- 

parent fubftance B, which feems to be the place where 

the flem was joined. Its whole Surface is covered with 

little prominencies, orderly ranged in fpiral rows ; one of 

thefe being cut afunder with a fnarp penknife, difeovered 

the fnell to be of a brownifh red, but fomewhat tranf- 

parent, and manifefted the infi.de to be filled with a 

whitifh green pulp, the bed wherein the feminal principle 

lies inveloped. 
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Fig. 465. reprefents the feed of ben; it is fomething 

like a kidney, but hath its circumference raifed up into 

double rid&_s, towards which feveral fmall ridges do in 

fome fort radiate from one center. 

Fig. 464. reprefents the feed of chickweed, this alfo is 

partly like a kidney, and partly like a retort, being 

rough call with fmall pieces, as if they were infedls with 

little feet. 

Fig. 463. reprefents the feed of bellis tanaceti folio. 

It hath two triangular hides, and the third conical; the 

two firft have feveral ridges running to the bafe, the head 

triangular with one fide convex, the other two ftreight, 

■with a little pinnacle in the center. 

Fig. 462. reprefents ths feed of wartworth, or fun 

fpurge, it is of a very complex figure, its belly confifting 

of two planiconic Tides, and back fphericonic. The 

bafe and head are both flat, in the middle of the former 

is a peg, by which the feed is fattened, and of the latter 

a pointed knob. The belly-fides is hollowed, fo as to 

make a flat rim of equal breadth ; and the hollows filled 

up with bladders, like thofe of the parenchymous parts 

of a plant. 

There are multitudes of other feeds, which imitate the 

forms of divers forts of {hells; as feed of fcurvy-grafs, a 

kind of purcelane {hell; others reprefent feveral forts of 

larger fruits; fweet and pot marjoram reprefent olives, 

carrot-feeds are like a cleft of a cocoa nut hufk. Others 

are like artificial things, as fuccory feeds are like a quiver 

of arrows, the feeds of aramanthus are fomewhat like an 

eye, the fkin of the black and fhrivelled feeds of onion, 

are all over knobbed like a feal fkin, and forrel has a 

black fhining three-fquare feed. It is almoft endlefs to 

reckon up the feveral fhapes of feeds, they being fo many 

and fo various in their forms. I ttiall therefore leave 

them 
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Of the Roots of Plants. 

them to the further examination of the curious ob- 

ferver. 

The feed or powder of the fungus purverulentus, or 

puff-ball, when crufhed, appears like fmoak to the naked 

eye, but when examined by one of the greateft magnifiers, 

is found to be infinite numbers of little orange coloured 

globules, fomewhat tranfparent; in another fort the glo¬ 

bules are of a darker colour, each of them having a 

little ftalk or tail, which are evidently fo many minute 

puff-balls d, furnifhed with flalks, to penetrate eafily into 

the ground, and the mifchiefs they do the eyes, is pro¬ 

bably owing to the fharpnefs of thefe ftalks e, which 

prick and wound that tender organ. 

Of the roots of plants. 

H E root is that part of a plant which immediately 

JL imbibes the juices of the earth, and tranfmits them 

to the other parts for nutrition. It confifts of woody 

fibres, covered with bark, more or lefs thick, and arifes 

from a little point in the feed called the radicle. 

We learn by the affiftance of the microfcope, that 

plants confift of different parts, veffels, &c. each of which 

is fuppofed to be the vehicle of a different humour, or 

juice, fecreted from the mafs of fap, which is ccnfidered 

as the common fund of them all. 

I mujft not here omit a curious phenomenon in the na¬ 

tural hiftory of plants, and that is, when the radicle in 

lowing happens to light loweft, it is no wonder the root 

fhould fpread itfelf under ground, and the flem of the 

plant rife up perpendicularly: but when the radicle falls 

uppermoft, by what means it is that it changes its pofi- 

tion, 

r Derham’s Phyf. Theo. p.418. d Phil. Tranf. No.284. 
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tion, to favour the afcent of the ftem, is one of the 

wonders of vegetation. 

M.Dodart firft obferved this perpendicularity of plants, 

and publifhed it in an exprefs efTay of the affeCtation of 

perpendicularity, obfervable in the ftems or ftalks of 

plants, &c. 

The matter of faCt is, that though almoft all plants 

rife a little crooked; yet the Hems fhoot up perpendi¬ 

cularly, and the roots fmk down perpendicularly; even 

fuch as by the declivity of the foil come out inclined, or 

are diverted out of the perpendicular by any violent 

means, again redrefs or ftrengthen themfelves, and re¬ 

cover their perpendicularity, by making a fecond or con¬ 

trary bend, or elbow, without rectifying the firft. 

A common eye looks on this affeCtation without any 

furprize; but a man, who knows what a plant is, and 

how formed, finds it a fubjeCt of aftonifhment. 

It has been before fhewn, that each feed contains a 

little plant, already formed, needing nothing but to he 

unfolded -3 the little plant has its little root and pulp, 

which is generally feparable into two lobes, and is the 

foundation of the firft food the plantule draws by its root3 

when it begins to germinate. 

If a feed in the earth be fo aifpofed, as that the root 

of the little plant be turned downwards, and item up¬ 

wards, and even perpendicularly upwards; it is eafy to 

conceive, that the little plant coming to unfold itfelf, its 

ftalk and root need only follow the direction they have 

to grow perpendicularly. But, 

It is very well known, the feeds of all plants, whether 

fown of themfelves, or by the help of man, fall into the 

ground at random; and among an infinite number of 

fituations, with refpeCt to the ftalk of their plant, the 

perpendicular direction upwards is but one. 

It 
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It is therefore necelfary that the ftalk ledrefs or reitify 

itfelf in all the other fituations, in order to find its way 

out of the ground : but what force is it that effcits this 

change, which is certainty a violent ailion ? Is it, that 

the ftalk finding a lefs load of earth above it, goes na¬ 

turally that way where it finds the leaft obftacle ? were 

it fo, the little root when it happens to be uppermoft, 

rauft for the fame reafon follow the fame direibion, and 

mount on high. 

Therefore M. Dodart fuppofes the fibres of the fta'ks 

are Gf fuch a nature, as to contrail and fhorten by the 

fun’s heat, and lengthen out by the moifture of the 

earth; and on the contrary, that the fibres cf the roots 

contrail: by the moifture of the earth, and lengthen by 

the heat of the fun. 

Then when the root of the plantule is uppermoft, the 

fibres which compofe one of the branches of the root, are 

not equally cxpofed to the moifture of the earth; the 

lower part is more expofed to the upper, which muft 

therefore contrail the moftj this contraction is again 

promoted by the lengthening of the upper, whereon the 

fun aits with the greateft force; confequently this branch 

of the root muft recoil towards the earth, and infinuating 

through the pores thereof, get under the bulb, &c. 

By inverting this reafoning, it will appear, how the 

ftalk comes to get uppermoft. 

In a word, we may imagine, that the earth attracts 

the root to itfelf, and that the fun contributes to its 

defcent; and, on the contrary, that the fun attracts the 

ftem, and the earth in fome meafiurc fends it towards the 

fame. Again, 

M. de la Hire imagines, that the root draws a coarfer 

and heavier juice, and the ftem and its branches a more 

volatile one; which difference cf juices, fuppofes larger 

pores 
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fores in the roots than in the ftalks; therefore in thd 

plantule we may conceive a point of feparation ; fuch, 

that all one fide of the root fhall be unfolded by the 

groffer j uices, and all the other fide by the more fubtile 

ones. 

If now the plantule be inverted when its parts begin 

to unfold, the juices which enter the root being ooarfeft, 

when they have enlarged the pores to admit juices of a 

determinate weight, thofe juices preffing the root more 

and more, will drive it downwards, and this the more as 

the root is more extended or enlarged; for the point of 

feparation, being conceived as the fix’d point of a lever, 

they will adt by the longer arm. At the fame time the 

volatile juices having penetrated the ftalk, will tend to 

give a diredtion from below upwards, and by reafon of 

the lever, will give it more and more every day till it be 

perfedtly eredt. 

Mr. Aftruc accounts for perpendicularity of the Items, 

and theii redrefiing themfelves on thefe two principles. 

Firft, that the nutritious juice arifes from the circum¬ 

ference of the plant, and terminates in the pith. Second, 

that fluids contain’d in tubes, either parallel or oblique to 

the horizon, gravitate on the lower part of the tubes, 

and not at all on the upper. 

Whence it eafily follows, that in a plant pofited either 

obliquely or parallel to the horizon, the nutritious juice 

will adt more on the lower part of the canals than on the 

upper; and by this means infmuate more into the canals 

communicating therewith, and be colledted more copi- 

oufly therein; thus the parts on the lower fide will receive 

more accretion, and be more nourifhed than thofe on the 

upper ^ the coufequences whereof muit be, that the ex¬ 

tremity of the plant will be obliged to bend upwards. 

The 
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The fame principle brings the feed into its due fitua- 

tion at firft; in a bean planted upfide down, the plume 

and radicle are eafily perceived with the naked eye, to 

Ihoot at firft directly for about an inch ; but thenceforward 

they begin to bend, the one downwards, and the other 

upwards, as in the example of the orange feed, fig. 457 ; 

the like is feen in a heap of barley to be made malt, in a 

quantity of acorns laid to fprout in a moift place, &c. 

each grain of barley in the firft cafe, and each acorn in the 

fecond, hath a different fituation, and yet all the fprouts 

tend dire&Iy upwards, and the roots downwards, and the 

curvity or bend they make, is greater or lefs as their fitua¬ 

tion approaches more or lefs to the direction wherein no 

curviture at all would be neceffary. Nov/ two fuch op- 

pofite motions cannot arife without fuppofing fome confi- 

derable difference between the two parts; the only one 

we know of, is, that the plume is fed by a juice, imported 

to it by tubes parallel to its fides; whereas the radicle 

imbibes its nouriftiment at all the pores in its furface. As 

oft therefore as the plume is either parallel or inclined to 

the horizon, the nutritious juice, feeding the lower parts 

more than the upper, will determine its extremes to turn 

upwards, for the reafon already affigned. On the con¬ 

trary, when the radicle is in the like fituation, the nutri¬ 

tious juice penetrating more copioufiy through the upper 

part than the under, there will be a greater accretion of 

the former than the latter; and confequently the radicle 

will be bent downwards ; and this mutual curvity of the 

plume and radicle muft continue, till fuch time as their 

fides are nourilhed alike, which cannot be till they are 

perpendicular f. 

Roots are generally diftinguifhed by their figures, fome 

being entire, as liquorice ; parted, as faint johnwort; fome 

R parted 

£ Men, d< 1, Acad. Roy, des ciences, No. 1708. 
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parted at bottom, as moft roots; others at top, as dande¬ 

lion, Sec. fome parted and ramified, as comfrey ; others 

having divers firings iffuing from one head, as crowfoot; 

fome ftrait as raddifh, crooked as biftort, fmooth as bu- 

glofs, ftringy all round as columbine ; fome thick as rhu¬ 

barb, (lender as the vine, long as fennel, fhort as turnep. 

Sec. he. 
The motions of roots are fometimes perpendicular, as 

parfnip, level as hops, ammi, cinquefoil, he. 
There is a kind of wreathing or twilling in the veffels 

of fome when the bark is ftripped off, in carduus, fon- 

chus, he. in which may be fometimes feen two or three 

circumvolutions. 

But the moft remarkable of all roots are fuch as are an¬ 

nually renewed or repaired out of the trunk or ftalk itfelf, 

as arum, rape-crowfoot, valerian, brownwort, bearsfoot, 

tanfy, lychnis, fapier, primrofe, ammi, avens, wood-for- 

rel, iris, and others ; that is to fay, the bafis of the ftalk 

continually and by infenfible degrees, defeending below 

the furface of the earth, and hiding itfelf therein, is both 

in nature, place, and office, changed into a root. So in 

brownwort the bafis of the ftalk finking down by degrees 

till it lies under ground, becomes the upper part of the 

root; and continuing ftiil to fink, the next year becomes 

the lower part, and the next after that rots away, s a 

new addition being yearly made out of the ftalk, as the 

older parts annually rot away. 

In a difiedlion of the root we lhall firft find the lkin, 

next the cortical, which when thin is commonly called 

the bark; next within this are the woody fibres, which 

together with all its parts,-are vifible in a circle; its pores 

feeing nothing near fo numerous as that of the cortical, 

but in fome more open than in others, as may be feen on 

cutting 

1 Grew. Anat. of Plant, p. 59. 
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cutting a very thin tranfverfe Hice of the branch of a tree, 

and holding it againft the light, or placing it before the 

microfcope. In currant and goofeberry-trees it is lefs 

confpicuous than in oak or plumbs, in damfins it is more, 

and in elder and vines more; the cortical body doth not 

only furround the wood, but is as it were wedged into it 

in many places, and is even inferted therein as far as the 

pith, and appears in a tranfverfe fedtion of a root-like lines 

drawn from the center to the circumference. 

Fig. 466. reprefents a tranfverfe fiice of the root of 

afparagus, and fig. 467. exhibits a microfcopic pidture of 

a piece thereof cut out at a b, in which A B fhews 

the fkin : A B C D the bark, or all that part analo¬ 

gous to it: C D E F the lymphaedudts on the inner edge 

of the bark : E F G H the wood in which the black 

fpots fhew the air vefiels : GUI the pith. 

Fig. 468. is a tranfverfe fiice of the root of mallows. 

Fig. 469. reprefents a piece thereof, which was cut out 
* 

at c d, as it appeared before the microfcope; in which 

A B C D fhews the fkin ; CDEF the bark, or all that 

part of the root which anfwers to it, in which the round 

fpots are the mucidudts : E F G H the common lymphzs- 

duels : GHIK the pithy part of the root: IK L more 

lymphaedudts, in both which the black holes are the air 

vefiels. 

Fig. 470. reprefents a fiice of a vine root Cut tranf- 

verfly, out of which at e f was cut a fmall piece, which 

when placed before the microfcope appeared as repre¬ 

sented by fig. 471. wherein AB fhews the fkin: AB 

C D the bark : L S parcels of fap vefiels : L I parcels of 

wood in which the darker fhaded circles great and fmall 

are the air vefiels: EF parenchymous infertions between 

the parcels of wood : G G others within them, 

R 2 At 
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At fig. 472. is feen a tranfverfe {lice of a horfe-raddifh 

root, and at a b the place from whence a gore was cut, 

which is reprefented as it appeared in the microfcope by 

fig. 473. whereof A B is the (kin : A B C D the bark : 

C D E F G H I the fap veflels in form of a glory : C D 

K L the wood in which the darker circles are the air 

veil'ds: KLMN a ring of more fap veiTels : MN O 

the pith. 

Fig. 474. exhibits a tranfverfe fe&ion of buglofe root, 

from which at c d was taken a final! piece, that when 

magnified appeared as fig. 475. in which A B is the 

jfkin : A B C D the bark : A B E F the bladders in the 

outer part of the bark; they are figured fomewhat ob¬ 

long, and are ranged in circles : EFCD the inner part 

of the bark in which the bladders are ranged in curved 

arches : C D G H a ring of fap veflels : 11 a parenchy- 

mous infertion, of which there are feveral in the whole 

fedtion : LKKL the wood in which the dark fpots 

are the air veflels : K K M the pith. 

Of the fldn of roots. 

THE outer parts of all roots is the fldn, which in 

fkerrits is white, yellow in dock, red in potatoes, 

brown in lovage, black in buglofs, &c. their furface is 

fometimes fmooth, as in horfe-raddifh, rough, as in fcor- 

zoner-A. The {kins of the feveral {hells of a tulip-root 

frefh taken up, appear to be perforated with a number of 

fmall holes. This (kin is very thin in parfnip, thicker 

in buglofs, very thick in iris, opake in fome as the thiftle, 

and transparent in others, as the madder. 

Every root hath two kinds of fldn, one of the fame 

age with the other parts, and the other fucceeding in the 

place of the former; as in dandelion, the old {kin feems 
& . 
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to be that part which compofed the cortical body the year 

before, which by the generation of a new ring next the 

wood, is now thruft outward, and fhrunk up into a (kin 

as at A B ; in an horfe-raddifh root, fig. 473. or at A B 

in a buglofs root, fig. 475. as far as the bladders in the 

former, and veffels in the latter, are radicated; the corti¬ 

cal body feems to fhrivel up into a new fkin, as the old 

ones fall off, and probably the whole body-of the perpen¬ 

dicular roots, except the woody fibre in the center, be¬ 

comes the fecond fkin, as in afparagus, fig. 467. 

This fkin is made up of two kinds of bodies, one pa- 

renchymous, generally compofed of exceeding finall cells 

or bladders, which are plainly vifible, if viewed through a 

microfcope, and appear as in fig. 467. which reprefents a 

tranfverfe piece of the root of afparagus, &c. 

The other part of this fkin is compofed of tubular 

wood-veffels, intermix’d wdth the bladders before-men- 

tion’d. 

If a root be cut tranfverfly, and laid by for fome time, 

all the parts where there are no veffels will fhrink below 

the furface of the cut end ; but the veffels will all retain 

the fame length, at which time they may be examined by 

the microfcope. 

Of the bark of roots. 

THE bark is fituatejuft within the fkin, in fotne roots 

it is yellow, as in dock, red in biftort, but in moft 

white, in fome it is very thin, and in others it makes the 

greatefl part of the root, the thinneft and thickeft being 

all analogous. 

It is exceeding porous both in length and breadth, as 

appears from its fhrinking up equally both ways, and di¬ 

lating to its former fize on being foaked in water. All 

R 3 this 
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this is apparent to the naked eye; but the microfcope 

confirms the truth thereof, by file wing that thefe pores 

are an infinite number of little cells or bladders, fometimes 

running in ranks both the length and crofs-ways of the 

root, as at ABCD in buglofs. Fig. 475. it may be 

feen both in a tranfverfe and upright fedtion, and always 

beft after the pieces fo cut have lain by feme time to dry. 

This parenchymous part is of an uniform texture in 

many roots, and diverfified in as many others; the blad¬ 

ders, though very regular, yet differ in fhape, fize and 

fituation ; in feme places like -white rays, ftreaming from 

the inner edge thereof outwards to the circumference of 

the bark, as is apparent in a tranfverfe fedtion of lovage, 

melilot, parfnip, &c. continuing in diredl lines the whole 

length of the root. 

The bark, as before obfervea, is intermixed with a few 

lignous veffels, which are apparent in moft roots in the 

refemblance of threads. Thefe , tubular threads do not 

run in diredt lines, but are frequently braced together 

in the form of network, as is apparent if the bark be 

ftripped off, and a piece of it examined by the microfcope. 

In parfnips thefe veffels yield a thin lympha. It is 

certain that this clear fap afcends only in thefe veffels, be- 

caufe no liquor will do the like from any parenchymous 

part; fometimes they yield a thick mucilaginous lympha 

as comfrey; oftentimes thefe fucciferous veffels yield a 

milky or white fap, and fometimes yellow, as in fonchus, 

and moft cichoraceous plants; in angelica, and moft um¬ 

belliferous ; in burdock and divers thiftles ; in fcorzonera, 

common bells, and many other plants, not commonly 

taken notice of to be milky. Thefe milky Taps, although 

of different colours, thicknefs, and other qualities, agree 

In being more oily than any of the lymphous Taps 5 for 

the mixture of the oily parts, with feme other limpid li¬ 

quor. 
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quor, caufes them to be of a milky i!, or other opake co¬ 

lour. In the fame manner as common oil, and a flrong 

liquament of tartar, {hook in a bottle, become white. 

Sometimes the oil will feparate, as is obfervable on 

cutting a fennel root tranfverfljr, after it hath lain fome 

days out of the ground. The fame vefiels, which before 

yielded milk, will now yield oil. 

All gums and balfams are likewife the contents of thefe 

vefiels, for thefe and milks are nearly a-kin. The milk 

of fennel {landing fome time, turns to a clear balfam, of 

fcorzonera; dandelion, and others, to a gum. In the 

dried root of angelica, when fplit, the milk 1 is feen in 

clods, in the continuation of thefe veffels, ccndenfed into 

an hard {hining rofin. The root helenium cut tranf- 

verfiy, prefently yields a balfam of a citron colour, fo 

called becaufe it will not dhTolve in water. The root of 

common wormwood yields a true balfam, with all the de¬ 

fining properties of a terebinth ; the roots of trachelium 

and enula, yield both a lympha and a citron balfam; and 

wormwood both a lympha and a terebinth k at the fame 

time. It is doubtful whether all roots have lymphaedu&s, 

but probably they have, and for the moil part {landing in 

a ring, at the inner verge of the bark. 

Thefituation of thefe vefiels are very curious, if viewed 

in a tranfverfe ledtion of the root; fometimes they only 

form a ring at the inner edge of the bark, as at E F, in 

afparagus, fig. 467, in which pcfition they are in mofl, 

if not all roots ; in fome they {land in rays, as borage, or 

peripherial, as in celandine. Thefe vafcular rays are ex¬ 

tended in fome towards the circumference of the bark, 

about half way, as between C D E F, in buglofs, fig. 

475. in all docks and forrels, about three fourths of the 

thicknefs of the bark towards the circumference, feveral 

R 4 of 
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°f them are alfo arched thereabout. In all, or many 

trefoils, and of the leguminous kind, only one third of 

the bark. In the umbelliferous, they are fituate between 

the diametrical portions of the parenchyma. In the mi- 

crofcope they all of them appear to be real circles; and 

in a tranfverfe fe&ion, when the milk has been licked off 

with the tongue, till no more will rife. They may 

alfo be foalced in water, after which the pofition of the 

milk vefiels will be vifibie ; in fome roots they run more 

parallel and keep afunder, as in monks-hood, and join to¬ 

wards the circumference of the bark, in eryngo. They 

terminate more circular, in briony angular, or in the 

form of a glory, as will appear alfo on viewing an 

horfe-raddifh root, C D E F G H I, fig. 473. in the mi- 

crofcope. In fome almoft entire circles, as in dandelion ; 

in others compofed of fhort chords; in fome thefe fpecks 

are fo exceeding fmall, that to the naked eye they feem 

continued rings, but when viewed in the microfcope, are 

diftindl vefiels, as in marfh-mallows, and liquorice. In 

marfh-mallows the lymphaedudts appear in rays, and the 

la&eals in rings, fig. 469. In dandelion they appear to 

the naked eye like numerous rings, but when viewed 

through the microfcope, are found to ccnfift of very many 

fmall rays, ftreaming from the inner verge of the bark, 

a-crofs three or four of the fmaller rings. 

Of the wood of roots. 

THAT portion of the root, which is contiguous to, 

and within the bark; in trees, and fhrubby plants, 

is the wood, which confifts of the parenchyma and lig- 

nous fubftance. The firfi: of which is of the fame na¬ 

ture with that of the bark. The pofition of its feveral 

parts are mofily diametrical, running between the lignous 

parts. 
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parts, from the circumference towards the center of the 

root, and all together conftitute that which is before 

called the infertment. Thefe infertments are moft ob- 

fervable in the roots of many herbs, as comfrey, which 

exhibits a good notion of all other, as well trees as herbs ; 

fometimes this parenchymous body is difpofed into rings, 

as in fennel. In moft woody roots, they ftream between 

the pith and bark, like fo many fmall rays. In fome 

roots they continue to the center, as columbine, in others 

not, as parfnip ; and fometimes different in the fame root, 

asEF in the vine, fig. 471. They are compofed of 

many fmall bladders, as in the bark, but generally 

fmaller. Their fhape ufually round, but fometimes ob¬ 

long and oval, as in borage, or oblong and fquare, as in 

the vine. 

The lignous part alfo confifts of two kinds of bodies, 

fucciferous, or lignous, and air vefiels. The lignous are 

of the nature with thofe of the bark, and in a tranfverfe 

fe&ion of the root, emit a liquor as thofe do. Thefe 

vefiels are no where interwove or braced together, but 

continue from one end of the root to the other. 

The pofition of both thefe kind of vefiels is various, 

the fucciferous or lignous are fometimes fituate in diame¬ 

trical lines, as in the vine, fig. 471. and moft trees, 

fometimes oppofite to the areal, as in beet, &c. 

Of the pith of roots. 

Within the woody part, is the pith, which is not 

common to all roots, for fome have none, as ni¬ 

cotian, ftramonium, and others. The pith, for the moft 

part, efpecially in trees, is a fimple body, yet like the 

bark it is compounded, fome fucciferous vefiels being 

mixed with it, as in jerufalem artichoke, horfe-raddifn, 

&e. 
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fee. many roots that have no pith at their lower part, 

have one at the top, as columbine, lovage, &c. Their 

contexture by the microfcope, appears to be of the fame 

general kind in all plants, both in the parenchyma of the 

bark, in the infertment or diametrical portions, and in the 

pith, all being compofed of bladders, which are of very 

different fizes, feldom lefs than thofe of the bark, as in 

afparagus, fig. 467. but generally much bigger, as in 

horfe-raddifh, fig. 473. their pofition feldom varies, but is 

uniform in a tranfverfe fedlion of all parts of the root 

piled up evenly one over another. In an upright fection 

they feem to run in diredf trains, length-ways 5 they are 

for the mod; part orbicular, though in the larger roots 

fiomewhat angular* On obferving thefe bladders with 

the microfcope, their fides will be found to confift of fe- 

veral ranks of exceeding fmall fibres, lying for the mod: 

part evenly one over another, from the bottom to the top 

of every bladder, and running a-crofs alfo from one bladder 

to another. If the pith be cut with a fharp razor, or 

penknife, and fo applied to the microfcope;, they will be 

feen diftmdlly. 

All plants exhibit this fpedlacle, hut thofe bed with: 

the larged bladders ; nor the fame pith fo well in any 

other condition, as when dry; becauie then the fap being 

voided, the fpaces between the fibres, and the fibres them- 

felves are more didinctly feen. Yet it mud not be dried 

after cutting, becaufe its feveral parts will thereupon 

coincide and become deformed, but to be chofen while 

the, plant is growing, at which time it may be often found 

dry and not deformed ; as in the trunks of common thidle, 

Jerufinem artichoke, &c. cut off the white bottoms of the 

bladders of a bullruih tranfverfly, and they will appear 

like a curious piece of needle-work. The whole body 

of 
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of a root therefore confifts of vefieis and fibres, and pro¬ 

bably thefe fibres themfelves are tubular. 

If you take the roots of vine, fennel, dandelion, plumb- 

tree, elder, willow, &c. and lay them for fometime to dry, 

then cut off a thin fiice of each tranfverfly, and place it 

before the microfcope, by pinching one edge thereof be¬ 

tween the nippers, the light will then be trajedled through 

the perforations of all the vefieis both great and fmall, they 

are fcarce ever vifible in the frefh dices of thefe roots. 

A clear and elegant fight of the fibres which compofe 

the air vefieis, may be obtained by fplitting a vine root, 

or a piece of oak, and may be feen in the fide of the 

greater air vefieis, in the refemblance of needle-work; 

the fpiration of the fibres may be better obferved in the 

trunk than in the root, and befi in young plants, but not 

fo well by cutting as fplitting, or by tearing off fome 

fmall piece, through which they run; their confirmation 

being by this means not fpoiled. 

But in the leaves or tender ftalks of all fuch plants as 

fhew upon breaking a kind of down or wool, they may 

be feen drawn out, and that fometimes to the naked eye. 

This wool being nothing elfe but a certain number of 

fibres drawn out of their fpirai pofition, appearing more 

or lefs in the leaves and other parts of moft plants, as in 

the vine, fcabious, &c. in the feales of a fquil they are fo 

eafily feparable, as to fhew the plate or zone into which the 

air vefieis are ufually refolved, which is nGt one fingle 

piece, but made up of feveral round fibres, running pa¬ 

rallel, and knit together by other fmaller ones tranfverfly 

in the form of a zone. 

Of 
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Of the trunks of trees* 

HE trunk comes next under confideration, which 

JL confifts of the bark, the wood* the infertions or 

veins, and the pith. 

The crofs fhootings of the wood in trunks of feveral 

years growth appear in rings, fo that we may judge by the 

number of rings of how many years 1 growth the tree 

5s 1 in each of thefe rings is one circle of large open pipes, 

but the fewer of thefe the ftrongerthe timber. 

The pores of the wood in well-grown timber are very 

confpicuous both in an upright and tranfverfe fedtion 

thereof. 

The lignous body in the trunks of herbs are extremely 

vifible in the microfcope, each fibre thereof being perfo¬ 

rated with thirty, fifty, an hundred, &c. pores, as may 

be feen in a magnified piece of burdock, fig. 477. and 

although each fibre appears to the naked eye to be but 

one, yet when magnified we plainly find them to be com- 

pofed of a number of fibres., or rather hollow tubes joined 

together, fo what we call the woody part of a tree, not- 

withflanding all its folidity, is nothing elfe but a clutter 

of innumerable and extraordinary fmal'1 vafcular fibres ; 

fome of which rife from the root upwards, and are dif- 

pofed in form of a circle, and the others which Dr. Grew 

calls infertions, tend horizontally from the furface to the 

center, in fuch a manner as to crofs each other, and are 

interwove like the threads of a weaver’s web. 

Thefe infertions are vifible on fa wing trees length- 

wife, and {having from thence very thin dices. They 

are alfo difcernable at their entrance into the wood on 

{tripping off the bark. 

As 
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As the pores or veftels are greater or lefs, fo are aifo 

the infertions, to the naked eye, the largeft only are dif- 

cernable j but by the help of the microfcope they appear 

very numerous. 

The infertions in the trunk are vifible in a tranfverfe 

fection, and are difpofed in even lines or rows throughout 

its whole breadth ; they are reprefented as they appear in 

the root of a vine, when viewed through a microfcope, 

by E F, fig. 471. 

The pores of the pith are moftly obfervable in the 

trunk, being larger than in the root; and through a mi- 

■crofcope appear like fo many bubbles or bladders, as in 

a piece of burdock, fig. 477. 

In the piths of many roots and plants, fome of the 

larger pores or bladders have fmaller ones within them, 

fome of which are divided with crofs membranes, and 

between their feveral fides other fmaller bladders are In- 

ferted, in orderly ranks length-wile. 

What Dr. Grew calls fibres and infertments, or the 

lignous body interwoven with that which he takes to be 

the cortical, that is the feveral diftintftions of the grain, 

are called by Mr. Lifter veins ro, that is, fuch dui!fts as 

feem to contain and carry in them their nobleft juices, 

analagous to human veins. Mr. Lifter makes it appear, 

that thefe veftels are not the pores of the lignous body, 

from a tranfverfe feciion of angelica fylveftris magna vul- 

gatior; the veins there clearly difcovering themfelves to 

be diftintft from the fibres, obfervable in the parenchyma 

of the fame cortical body, the milky juices always riling 

on the fide, and not in any fibre. Alfo in a like irtffifion 

of burdock, in June the juice fprings on each fide the 

radii of the woody circle, that is, in the cortical body 

and 

m Phil. Tranft No. 75. 
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and pith only ; again where there is no pith none of this 

juice is obferved. 

In a tranfverfe cut of a leaf it is obfervable, 1. That 

thefe veins accompany the ribs and nerves. 2. That the 

middle fibre or nerve feems to yield one big drop of a 

milky juice fpringing as it were from one vein, yet by 

the microfcope it is plain there are many veins, to the 

making up of that drop. 3, That if a fibre or nerve be 

carefully taken out of the leaf, the veins will appear 

therein like fo many pipes running along the nerve, and 

yet thefe numerous veins are all of an equal bignefs. 

It is obfervable in the motion of thefe juices, that the 

milky juice always moves and fprings brifkly upon the 

opening of a vein n, the limpid fap only at certain feafons. 

Dr. Grew afligns the offices of the feveral veffels, viz. 

thofe placed on the inner verge of the bark, he calls 

lymphtedu&s, and fuppofes them deftined for the con¬ 

veyance of the molt watery liquor > thefe Mr. Bradley 

calls the new forming veffels, which are annually pro¬ 

duced, and help to increafe the bulk of the tree. 

Thofe in the middle of the bark Dr. Grew calls lacti¬ 

ferous or refmiferous veffels : their ufe, according to Brad¬ 

ley, is to return the fuperfiuous fap : thefe veffels, Grew 

obferves, are the principal vifcera of plants; and adds, 

that as the vifcera of animals are but veffels conglome¬ 

rated , fo the veffels of a plant are vifcera drawn out at 

length, all which will be eafily underffood by an infpec- 

tion of the following figures. 

Fig. 476. reprefents a final! piece cut out of a walking 

cane, as it appeared in the microfcope. A B- E F ihews 

a tranfverfe feClion thereof, wherein are feen clufters of 

aiy veffels furrounaed with rings of fap veffels, and at 

A B C D 

a Phil. Tranfi No. co* 
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A B C D the pores in the outfide fkin or bark of the 

cane are plainly vifible. 

fig. 477. reprefents a magnified piece of the flalk of 

burdock cut tranfverfly and down the fide. 

Fig. 478. exhibits a piece cut out of a branch of pine, 

wherein at A B C D is feen the bark fide-ways, and at 

A B F E a tranfverfe fedlion thereof, through which the 

turpentine veffels run lengthvvife. G H reprefents one 

r of them cut down the middle to fhew the infide of it, 

and another is feen intire at I K. 

fig. 47g. reprefents the milk veffels in the bark of 

fumach, in the fame manner as the turpentine veffels are 

reprefented in the foregoing figure, and are expreffed by 

the fame letters alio. 

Fig. 480. reprefents part of a vine branch cut tranf¬ 

verfly ; and fig. 481. a piece cut out of the fame at a b, 

as it appeared in the microfcope ; whereof A B C D fh-evps 

the fkin length-ways. At A B E F is feen a tranfverfe 

fection of the wood and air veffels, and between G H and 

I K part of the wood and bark is taken away to fhew 

the fame lengthwife. 

Fig. 482. a, is a tranfverfe fedtion of ait apple branch, 

in which the feveral circles of wood that fhew of how 

many years growth the tree is, are vifible to the naked 

eye. Fig. 482. b, reprefents a gore cut out of the afore- 

faid flice at a b, as it appeared in the microfcope; in 

which A B reprefents the fkin: A B C D the Bark: H I 

fpiral fap veffels in arched parcels : O O the common fap 

veffels which begin to turn into wood : C D E F the 

wood of three years growth: KLMN one year’s growth, 

in which the dark fpots reprefent the air veffels: g g g the 

true wood : P P the infertions : E F other fin veffels: 

E F G the pith. 
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Fig. 483. fhews a tranfverfe dice of a hazel branch, 

and fig. 484. reprefents a piece thereof, which was cut 

out at c d, as it appeared when placed in the microfcope, 

A B the Ikin: A B C D the bark: QJ^Q. the fimple 

parenchyma: H I a ring of fpecial vefiels : P P common 

fap vefiels : C D E F the wood of three years growth : 

K L M N one year’s growth : XXX great infertions : 

P O lefier between them, the black parcels between thefe 

infertions are the wood, which is compofed of minute 

tubes (although it is here reprefented in a (hade) in which 

the dark fpots are the air vefiels : E F G the pith. 

Fig. 485. exhibits a tranfverfe dice of a walnut branch, 

and fig. 486. a microfcopic picture of a gore thereof cut 

out from e f, in which A B is the fkin: A B C D the 

bark: RR the parenchyma: HR I two rings official 

fap vefiels: D C common lymphaedu&s: D CEF the 

wood of four years growth: d d d the true wood: 

KLM N one year’s growth ; Q_fecond part thereof whiter 

than the reft, by the mixture of fap vefiels, which are re¬ 

prefented by tranfverfe lines : M N the great air vefiels 

c e, c e parcels of lefier ones : E F a ring of other fap 

vefiels : E F G the pith. 

At fig. 487. is feen a dice of a branch of pine cut 

tranfverfly, and at fig. 488. a magnified piece of the fame 

cut out from g h. A B C D the bark : MMM the 

parenchyma : D L C the lymphaeducfs : H H turpentine 

vefiels: DCEF the wood in which the white fpaces 

tending to the center Ihew the infertions : E F G the 

pith, the larger holes both in the wood and pith are more 

turpentine vefiels. 

Fig. 489. reprefents a tranfverfe fection of a wormwood 

ftalk, from whence a piece i k was cut, which is ex¬ 

hibited as it appeared in the microfcope, by fig. 490. 

whereof AB C D is the bark : AMB the parenchyma : 

HMI 
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HMI balfamic veflels : KL another fort of fap veflels in 

parcels: KLCD lymphaedufts: D C EF the wood in 

which the dark fpots, are the air veflels: M .M the infer- 

tions : R another balfamic veflel: E F G the pith. 

Fig. 4.91. is a tranfverfe fedlion of a thifide-ftalk, out 

of which at 1 m was cut a piece, which is feen as it ap¬ 

peared in the microfcope at fig.492 : A B C D the bark: 

HI the parenchyma: e e a fort of fap veflels: a a another 

fort: c c milk veflels: D C E F the wood: V V the air 

veflels: tt more lymphaedu&s: ff mere milk veflels: 

a t infertions : E F G the pith compofed of angular 

bladders, bladders of threads, and threads of Angle 

fibres. 

Fig. 493. {hews a tranfverfe fecfion of fumach flalk, 

and fig 494. a magnified gore thereof, which was cut 

out at n o. A B a a the hairy (kin: A B C D the bark : 

H W I the parenchyma: D M C the common lymphae- 

du&s: KML three milk veflels: HI another fort of 

lymphaedufts, arched over the milk veflels: XX feems 

to be a third fort of lymphaedudts: D C EF the wood, 

the white rays tending from M to M are the infertions : 

Y Y the true wood in which the dark fpots, are air veflels: 

E F a ring of lymphaeducSls: E F G the pith. 

Fig. 495. reprefents part of a vine branch cut tranf- 

verfly at A B G, and ABC, and alfo fplit half way 

down the middle at GGBB, whereof ABAB is the 

{kin: ABCD, ABCD the bark: HH H fap veflels 

in arched parcels: I the parenchyma: C D E F the wood : 

d d d the true wood, in which the dark fpots, are the air 

veflels: K K the infertions: E F a ring of other fap 

veflels: E F G the pith: between G G, F F, is {hewn 

the pofition of the bladders in perpendicular rows: be¬ 

tween D D and B B is feen the fame of the barkj and 

S between 
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between F F D D is feen an upright fedlion of the wood 
and air veffels. 

Of the bark of trees. 

/nri H E exterior part of trees is the bark, and ferves 

A them for a fkin or covering; in general it is of a 

fpongy texture, and by many little fibres, which pafs 

through the capillary tubes whereof the wood confifts, 

communicated with the pith; fo that the proper nutri¬ 

ment of the tree being imbibed by the roots, and carried 

up through the fine arterial veffels of the tree by the 

warmth of the foil, &c. to the top of the plant, is ufually 

fuppofed to be there condenfea by the cold air; and re¬ 

turns by its own gravity down the veffels, which do the 

office of veins, lying between the wood and inner bark, 

leaving, as it paffes by, fuch parts of its juice as the tex¬ 

ture of the bark will receive and requires for its fupport. 

That foft whitifti rind or fubftance, between the inner 

bark and the wood, which, Mr. Bradley thinks, does the 

office of veins ; fome account a third bark, differing only 

from the others in the clofenefs of its fibres; it is this 

contains the liquid fap, gums, &c. found in plants in the 

fpring and fummer months. It hardens by little and little, 

by means of the fap it tranfmits, and is imperceptibly 

converted into the woody part of the tree. 'J here are 

few trees but what have it ; yet it is ffill found in lefs 

quantity as the tree is more expofed to the heat of the 

fun. It is here the corruption of trees generally begin; 

whence thofe who fell and cut trees ought always to take 

care to leave as little of it on as poflible. 

The bark confifts of two parts, the utmoft fkin and the 

main body5 the (kin is generally compofed of very final I 

vehicles 
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Of the Bark of 'Trees. 25^ 
veficles or bladders; but as the plant grows, the fidn 

dries, and the bladders ftirink up and difappear. Amongft 

thefe fkinny bladders are intermixt a fort of woody .fibres, 

as in mallow, nettle, borage, thiftle, and moft herbs. 

The fkin of the trunk is fometimes vifibly porous, as 

in the better fort of walking canes, fig. 476. A B C D. 

The main body of the bark alfo confifts of two parts, 

the parenchyma and vefiels; the parenchyma is com- 

pofed of an infinite number of fmall bladders, and the 

vefiels are very numerous, ftanding in or near the inner 

margin of the bark, and are always fap vefiels °. 

The properties of the faid vefiels are diftinguifhed from 

one another in the fame plant, and in the feveral fpecies 

of plants ; which properties are not accidental, but fuch 

as fhew the conftant and univerfal defign of nature. 

For in the figures 482, 484, 486, 488, the vefiels of 

the bark are only of two kinds, which in the firfi two 

feem to be roriferous p and lymphaedudts (yet in all the 

four their number and pofition is very different.) In 

hazel, fig. 484. they are but few 5 in apples, fig. 482. 

they are more, and alfo in pear, plumb, elm, &c. ftill 

more numerous. As to their polition in hazel, the lym- 

phaeducfs, or vefiels next the wood, firand in femicircular 

parcels; and in holly they ftand in rays, yet fo numerous 

and clofe together as to make one intire ring. In the apple 

branch, fig. 482. the lymphseducts O O are radiated, they 

are alfo radiated in the pear and plumb, he. In hazel, fig. 

484. the roriferous vefiels H 1, as Dr. Grew calls them, 

make an entire ring. In apple, fig. 482. they are neither 

radiated nor make an intire ring, but ftand in peripherical 

parcels, much after the fame manner they ftand in elm. 

In alh the vefiels make two rings, the inmoft or lymphse- 

duefs confift in arched parcels, and the outmeft or rorife- 

S 2 

p Grew Ana. Plant, p. 108. p Ibid. xog. 
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rous of rdund ones; whereas in the foregoing the lym- 

phaedudte are contiguous to the wood, and the roriferous 

more or lefs diftant from the {kin ; here, on the contrary, 

the firft are diftant from the wood, and the latter con¬ 

tiguous to the {kin. 

In the two next branches, fig. 486 and 488. the veffels 

of the bark are alfo different in number, pofition, fize 

and kind. In pine they are lefs, and in walnut more 

numerous j as to their pofition, the inmoft D C in pine, 

fig. 488. compofe a radiated ring, the utmoft are ftrag- 

ling up and down without any certain order. In walnut, 

fig. 486. the inmoft D C make alfo a radiated ring, and 

the outmoft a double ring H R I, not radiated but of 

round parcels: as to their kind, they differ moft appa¬ 

rently from the diverfity of faps thofe different veffels 

contains which in the bark of pine, fig. 488. are alfo of 

two forts, the inmoft are lymphaeduds, as in the two 

formers the outmoft are not milk, but gum veffels, or 

refiniferous, and ftand {haggling or fingly about the 

bark; all the clear turpentine that drops from the tree 

iffues from thefe veffels, which are apparent even to the 

naked eye; whereas thofe of the lymphaedmft are not to 

be difcerned without the affiftance of a microfcope. 

The two next pieces of branches are common fumach, 

fig. 494. and common wormwood, fig. 490. which arc 

remarkable for their having three kind of veffels in the 

bark, whereas the former have only two. Firft then 

in common fumach is a thick radiated ring D M C of 

lymphsedudts, Handing on the inner margin of the bark 

contiguous to the wood ; thefe veffels exhibit their lymph a 

very apparently. The fecond kind of veftels X X com¬ 

pofe a ring, and are fituate near the outward margiji of 

the bark. Between thefe two kinds ftand the milk vef¬ 

fels 
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fels KML, each of which being empaled or hemm’d in 

by an arch of roriferous veffels. 

The next is a branch of common wormwood, fig. 

490. in the bark of which are alfo three kinds of veffels; 

firft there is a thin radiated ring C D L K of lymphae- 

dudls, contiguous to the wood, yet this ring is not entire, 

but made up of feveral parcels ; which are intercepted by 

as many parenchymous ones, inferred from the bark into 

the pith. The fecond fort of veffels K L, which feem 

to be roriferous, are fituate near the middle of the bark, 

and ftand in arched parcels; thefe alfo compofe a ling. 

Beyond thefe arches, and towards the outer margin of 

the bark, ftand a third fort of veffels H M I, their con¬ 

tent is a kind of a liquid, oleous and vifcid gum, which 

for its pleafant flavour may be called an aromatic bal- 

fam % becaufe it perfectly affordeth whatever is in the 

fmell or tafte of wormwood, being the effence of the 
V 

whole plant, fo that they are in all refpedls analogous to 

the turpentine veffels in pine. 

The ftruTure of the milk and gum veffels when viewed 

with the microfcope, feem to be made by the conftipa- 

tion of the bladders in the bark, that is to fay, they are 

fo many channels, not bounded by any fides proper to 

themfelves, as a quill thruft into a cork, or as the air 

veffels in the wood, but by the bladders of the paren¬ 

chyma r, which are fo crowded up together, as to leave 

certain tubular fpaces throughout the whole length of the 

bark. 

One difference between thofe veffels juft defcribed, and 

thefe hollow tubes, &c. in the pith, is this, that they are 

not originally formed with the pith, but are formed partly 

by the ftretching it undergoes from the dilatation of the 

S 3 wood 
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wood, and partly from the drying and fhrinking up of its 

bladders, and of their component fibres; whereas the 

veffels in the bark are many of them originally formed s 

therewith; and thofe which fucceeded them are not 

caufed by any rupture as thofe in the pith are, but from 

a regular difpofition of the parenchymous fibres, and con- 

flipation of the bladders thereof; all which will appear 

very plain upon viewing the three figures 477, 478, 

and 479. 

It has been before obferved, that the lignous or towy 

parts of all plants are tubular, and that the juices are 

conveyed the whole length of the plant through an in¬ 

finite company of fmall tubes. 

Thefe very tubes or lymphaeduCts are likewife made up 

of other yet much fmaller tubes, fet round together in a 

cylindrical figure ; by which alfo appears the admirable 

fmallnefs of thefe fibres; for there are fome lymphaedudts 

that may be reckoned fifty times fmaller £ than an horfe- 

hair, and thofe minute fibres are alfo compofed of other 

fuch fibres, but much fmaller, is not altogether impro¬ 

bable ; allowing therefore but twenty of thefe to compofe 

a thread no bigger than one of thefe lymphaeduCts; then 

one of thefe fibres muft be thouland times fmaller than 

an horfe-hair. 

They may be obferved in a very white and clear piece 

of afh torn carefully lengthways, and fometimes alfo in a 

very white piece of fir. 

In the Eaft Indies they manufacture the bark of a 

certain tree into a kind of fluff or cloth; it is fpun and 

dreffed much after the manner of hemp : the long fila¬ 

ments which are feparated from it, upon beating and 

fleecing it in water, compofe a thread of a middle kind 

between 

f Grew. Ana. Plant, p. 113. I Ibid. p. 112* 
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between filk and common thread, neither fo foft or bright 

as filk, nor fo hard or fiat as hemp. Some of thefe fluffs 

are pure bark, and are called pinafles, biambonnes, &c. 

In others they mix filk with the bark, and call them 

ginghams and nilias; the fontalungees too, are part filk, 

part bark, and are only diftinguiftied by being ftriped. 

Of ,the wood. 

THE next general part of a branch is the wood 

which lies between the bark and pith; it is 

compofed of parenchymous and lignous parts. The 

parenchymous part of the wood in all trees, though 

much diverfified, is dilpofed into many rays or infertions 

running between as many woody portions, from the 

bark to the pith. Thefe infertions are various according 

to the feveral forts of trees or plants, in pine, fig. 48S. 

and wormwood, fig. 490. they are not fo numerous as 

in fumach, fig. 494. in the apple, fig. 482. or in the 

hazel, fig. 484. 

Thefe infertions do not run only through the wood, 

but alfo flioot out beyond it into fome part of the bark, 

as in elm, fumach, wormwood, &c. 

The texture likewife of thefe infertions is alfo various 

in wormwood and moft herbs, they are manifeftly com¬ 

pofed of fmall bladders, yet larger in thefe than in 

trees. 

The wood is likewife compofed of two forts of bodies, 

that which is ftridlly woody, and the air vefiels. The 

true wood is nothing elfe but a mafs of antiquated lym- 

ph reduces, viz. thofe which are originally placed on the 

inner margin of the bark; for in that place there an¬ 

nually grows a new ring of lymphaedudls, which by de- -< 

S 4 grees 
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grees lofing its firft foftnefs, is at the latter end of the year 

turned into a dry and hard ring of perfect wood. Whence 

it is evident that the bark of a tree is divided into two 

parts, and diftributed two contrary ways ; the outer part 

falleth off towards the fkin, and at length becomes the 

fkin itfelf. The outward fkin of a tree is not originally 

made a fkin, but was once fome of the middle part of the 

bark itfelf, which is annually caft off and dried into a 

fkin; the inmoft portion of the bark is yearly diftributed 

and added to the wood, the parenchymous part thereof 

makes a new addition to the mfertions within the wood, 

and the lymphoeducls a new addition to the woody pieces 

between which the infertions ftand; fo that a ring of 

lymphaedudts in the bark this year w ill be a ring of wood 

the next, and another ring of lymphaedudts and of wood 

fucceffively from year to year 5 fo in fig. 482. of part of 

an apple branch cut tranfverfly, three years growth are 

reprefented in that of fumach, fig. 484 one year only is 

exhibited, and in that of walnut, fig. 486. are fhewn 

four years growth of wood between the letters D C E F. 

Here alfo may be obferved, that certain parcels of 

wood make either feveral fmall white rings, as in oak, or 

feveral white and crooked parcels tranfverfe to the infer¬ 

tions, as at D C, K I/, &c. in walnut, fig. 486. 

In the branches of fir, pine, &c. are a few turpentine 

veffels difperfed up and down the -wood. The air veffels 

with the infertions, and true wood altogether, make up 

that which is commonly called the wood of a tree. 

The variety of the air veffels are many, with refpeft 

both as to their number, fize, and pofition, and are not 

to be found alike in any two forts of plants whatfoever: 

as to their number it is very great, in apple, pear, hazel, 

fcc. but in different degrees, they are reprefented by all 

the 
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the black fpots in the wood, in all the figures before re¬ 

ferred to. 

Their fizes are as different as the trees to which they 

belong, being at leaft twenty times bigger in elm or oak, 

than in holly or pear, &c. 

Their fituation is alfo different: in apple, fig. 482. 

and in walnut, fig, &c. they are fpread abroad in every 

annual ring; in others they keep more in the compafs of 

fome line or lines, either diametrical or peripherical. In 

holly, &c. they are radiated or run in even diametrical 

lines between the pith and bark. 

Whether the air veffels are irregular or radiated, nature 

hath fo difpofed them, as that many of them ftand always 

near the infertions. 

In afh the air veffels ftand in circles on the inner 

margin of every annual ring. Thefe circles are in fome 

very thick, as in afh and barberry, in fome thin, as 

elm, &c. 

Their form is fuch that they are never ramified, but 

continued from one end of a plant fmall or great, quite 

through to the other end thereof. 

As to their texture they oftentimes appear to be un¬ 

wreathed in form of a very fmall plate, which alfo is not 

only of different breadths in different plants, and ufually 

broader in the root than in the trunk j but alfo the faid 

veffels are oftentimes unvvreathed, not in the form of a 

plate but of a round thread. The caufes of which diver- 

fity are principally three, the weftage of the fibres of 

which the air veffels confift; the difference between the 

faid fibres, or between the warp and woof, and the dif¬ 

ferent kinds of woof. 

By the weftage of the fibres it is, that the veffels often¬ 

times untwift in the form of a plate; as if a fine narrow 

ribband be wound fpirally, and edge to edge, about 

ftick, 
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.flick, and then the flick being drawn out, will leave the 

ribband in the form of a tube u and of one of thefe air 

veffels, for that which upon the unwreathing of the veffel 

fieems to be a plate, is as it were a natural ribband, con- 

lifting of a certain number of threads or round fibres, 

Handing parallel as the threads do in a ribband ; and as 

in a ribband fo here, the fibres which make the warp and 

run fpirally, do not grow together, but are held in that 

pofition by other tranfverfe fibres which embrace them, 

and are in the place of the woof. 

And as the faid fibres are tranfverfly continued, thereby 

making a warp and woof, fo are they ( as in divers 

woollen manufactures) of different bulk; thofe of the 

former being ftronger and bigger than thofe of the latter; 

by which means, as cloth and filk will ufually tear fooner 

one way than another; fo here while the warp, or thofe 

fibres which run fpirally are unwreathed, without break¬ 

ing the fmaller ones which hold them together, eafily 

tear all the way. 

In the following figures are Ihewn the pofition of the 

veffels in feveral forts of timber cut length-wife and crofs- 

wife as follows : 

Fig. 507. reprefents a fmall piece of the wood of an 

oak-tree, cut tranfverfly, and of its natural fize; and fig. 

508. A B C D, fhews the fame piece as it appeared be¬ 

fore the microfcope when greatly magnified, whereof the 

parts F F feemed to be brown dark ftreaks, the wood in¬ 

cluded between the fpaces H I and K L, is the breadth 

of that circle which the tree had increafed in one year. 

E E are the cavities of very large air veffels, which run 

the lengthway of the tree. Thefe large veffels are com- 

pofed of feveral fmaller membranes, as may be feen at 

fi cr. 

® Grew Ana. of Plant, p. 117. 
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fig. 512. which reprefents part of one of the aforefaid 

air veiTels feen length-wile, and as it appeared before the 

magnifier. 

The fecond fort of perpendicular vefTels which tend 

upwards, are feen at e e, fig. 508. and are alfo compofed 

of exceeding fine fkins x, in which are feen fome fpots 

that in the microfcope appear like globules, as at O N, 

fig. 511. which fhews one of thefe fecond fort of vefTels 

cut lengthwife. 

The third fort of thefe vefTels which run upwards, are 

extremely fmall and in great abundance, as appears 

throughout the whole fpace H I K L, fig. 508. Thefe 

alfo are compofed of extremely fine fkins ; they are feen 

length-ways between P Q, fig. 511. 

G G G, fig. 508. are another fort of vefTels, whicli 

run horizontally from the bark to the pith: thefe feemed 

to extend themfelves in furrows, and were crooked or 

bowed round the knots. When the wood is cut length- 

wife, thefe horizontal vefTels are cut acrofs, as at G G G, 

fig. 511. The fecond fort of horizontal vefTels are greatly 

numerous, which when the oak is cut length-wife, are 

alfo cut acrofs, and appear to the naked eye as fig. 513. 

Fig. 496. fhews a piece of elm cut tranfverfly as it ap¬ 

peared to the naked eye; and fig. 497. a microfcopic 

pidture of the fame. A B, CD is the breadth of the 

ring the tree had increafed in one year. The fmaller 

perpendicular vefTels are fituate between and joined to the 

larger, having fmaller ones between them, as in oak; 

the tubes here alfo are compofed of fkinny membranes* 

A C and B D, fig. 497. are horizontal vefTels feen length- 

wife. Fig. 498. is an upright fedfion of the wood of elm 

jnagnified, in which G G fhews the exceeding fmall 

vefTels 

Leeuwenhoek’s Anat. & Contemp, Vol. I. p. 3. 
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vefiels length-ways, H H is the cavity of one of the great 

vefiels* being full of turpentine threads, or little tubes, 

with black fpots curioufly wove together $ as at fig. 499. 

Fig. 500. is a final! and thin piece of beach, cut tranf- 

verlly, and fig. 501. reprefents the fame as it appeared in 

the microfcope. Its length between A B and D C is the 

breadth of a circle of one year’s growth. The perpen¬ 

dicular vefiels in this wood are of two, the horizontal 

ones of three fizes; of which thofe exprefied by E E, 

fig. 501. are exceeding fmall; in the upright fedfion, fig. 

502. thefe horizontal vefiels are cut tranfverfly, and {hewn 

by H H, the fecond fort of horizontal vefiels are feen 

lengthwife, from D to A, fig. 501. and a tranfverfe 

fedfion of the fame vefiels are feen in the upright 

fedfion of the timber, fig. 502. at I, I, I, and at KK 

are feen the great perpendicular vefiels. 

Fig. 509. reprefents a tranfverfe fedfion of a fmall bit 

©f black ebony, greatly magnified, of which G, G, G, 

are the large upright vefiels. K K, in fig. 510. fhews 

one of thefe large vefiels cut lengthwife, and at fig. 511. 

is feen another of a larger fort, in which are many 

ftreaks and fpots. The fecond fort of perpendicular vefiels 

are feen between A B, A B, and the third fort between 

CD, CD; a fourth fort are fquarirh, and included be¬ 

tween the fecond and third in the upright fedfion, fig. 

510. L L {hews the finallefi: vefiels, and I, I, the tranf- 

verfe fedtions of the horizontal ones. 

Fig. 503. AB CD is a fmall piece of box, cut tranf¬ 

verfly, and of the fame fize to the naked eye as the piece 

of ebony. This wood alfo confifts of large and fmall 

perpendicular vefiels intermixed; the large ones are com- 

pofed of fidns, and are full of extremely minute particles, 

as may be feen in the upright fedlion thereof at E E, fig. 

304. the cavities of the lefier veffels are fhewn lengthways 

at 
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at F E. A B and C D, fig. 503. are horizontal veflels, 

running lengthways, and at G G, fig. 504. is feen a 

tranl'verfe fedtion of the fame. 

A B C D E F, fig. 505. reprefents a tranfverfe fedtion 

of a fmall piece of ftraw. A B E F is the ftiining bark, 

compofed of an incredible number of exceeding fmall 

veficles. G G G G are veflels, or rather bladders, having 

four, five, or fix Tides, and compofe the greateft part of 

the infide of the ftraw. FI H H are fome of the before- 

mentioned veflels, intermixed with, or furrounded by a 

great number of exceeding fmall veflels. At fig. 506. 

the fame veflels are feen lengthways in a perpendicular 

fedtion of the ftraw. 

Of the pith. 

H E third general part of a branch is the pith. 

J*- being in fubftance nearly allied to the parenchyma 

in the bark, and the infertions in the wood. 

Its fize is various, not being the fame in any two 

branches here reprefented. In wormwood, fig. 490. and 

fumach, fig. 494. it is very large. In pine, fig. 488. 

and walnut, fig. 486. not fo large. In apple, fig. 482. 

and hazel, fig. 484. it is fmaller. 

It is alfo remarkable, that the bark and wood in moft 

plants increafe yearly; and the pith, on the contrary, 

grows fmaller. 

The pith, for the moft part, is furnifhed with a certain 

number of fap veflels, which form a ring round the margin 

thereof. They are numerous and confpicuous in walnut, 

fig. 486. and in pine, fig. 488. Sec. and are of divers kinds, 

being lymphaedudts in walnuts, ladteals in fig, and re- 

finiferous in pine. 

The 
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The parenchyma of the pith is compofed of bladders 

the very fame with thofe in the bark, and oftentimes in 

the infertions within the wood 3 only thefe of the pith are 

largeft, thofe in the bark lefs, and thefe in the infertions 

Ieaft of all. 

The bladders of the pith, though always comparatively 

great, are of very different fizes. Thofe of thiflle, borage, 

&c. appear in the microfcope like the cells of an honey¬ 

comb 3 the bladders in common thiflle and borage, are 

fo large as to contain within their horizontal area, about 

twenty bladders of the pith of oak. Wherefore one blad¬ 

der in thiflle is at leafl an hundred times bigger than an¬ 

other in oak. 

The fhape of the pith bladders admit of feme variety ; 

they are for the moft part round, yet oftentimes angular, 

as in reed grafs, a water plant 3 where they are alfo cu¬ 

bical 5 in borage, thiflle, and many others they are pent¬ 

angular, fexangular, and feptangular. \ 

As to the texture of thefe pithy bladders, they are 

oftentimes compofed of fmaller ones, as in borage, bulrufh, 

and many other plants. 

Whence it appears, that as the veffels of plants, viz. 

the air veffels and lymphsedudts, are made up of fibres, 

fb the pith, or the bladders of which the pith confifls, 

are likewife compofed of fibres, which is alfo true of the 

parenchyma of the bark, and of the infertions in the 

wood, and even of the fruit, and all other parenchymous 

parts of a plant, and that the very pulp of an apple, pear, 

cucumber, plumb, or any other fruit, is nothing elfe but 

a ball, of moft extreamly fmall tranfparent threads or 

fibres, joined together in a different, but curious manner, 

even all thofe parts of a plant, which are neither formed 

into vifible tubes, nor bladders, are made up of fibres 3 

and though It be difficult to difeover them in thofe parts 

' a. which 



^ Say. % J. 0- Son jfc. 



* 

• ■ ■ ' •" il 

:-'2V -v r^rm.-r- 
*m-. -y 

-- . i •v . - 
V-W-i 

■•V ■. V" 
.' ‘ - \ , 

’■i ' - 
-V--. .. • f ' 

- 

■j-j.. 

j 

' 

■- V’ ■ - 

\Y 

:v . 
.. > 

T ' ■ 

• .yv 
V. ••• ' 

■ 

' . < i> •v* • • [ • -• 

■> 

/. ■ .'m1 

s 
if:* 

■ 

ffV- -/•<■■• 

-E .. ' ■- 

■' <?. 

f c' 
\ 

r -... 

- /' 

r.' 

... > .■ ■■■ 

rW 
■ - .v. ‘. A ■ \ -■ 

■ ,y 

C; :i 

i 



Of the Pith of Trees. 271 

which are the moft compact and clofe, yet in the pith 

which confifts of more open work, they are vifible; and 

that in the pith of a bulrufh, common thiftie, &c. not 

only the threads of which the bladders, but alfo the Angle 

fibres of which the threads are compofed, may be diftin&ly 

feen, when placed before the microfcope. 

The fibrofity of the parenchyma is alfo vifible in fome 

woods, being interwove with the lignous parts, and with 

every fibre of every veffel, as in very white afti or fir, may 

be difcovered. 

Whence it follows, that all the parts of a plant confid 

of fibres, of which thofe of the lymphaedudts run length- 

wife, thofe of the pith, infertions, and parenchyma of 

the bark horizontally, thofe of the air veflels begin their 

circuit horizontally, and continue it in height or length- 

wife. 

From what has been faid, there appears to be a great 

fimilitude between the mechanifm of plants and animals, 

the parts of the former feem to bear a constant analogy 

to thofe of the latter ; and the vegetable and animal ccco- 

no my feem to be both formed on the fame model; for 

from the foregoing obfervations, and the afliftance of the 

microfcope, 

Firft, the root is found to be a fpongy body, whofe 

pores are difpofed to admit certain humid particles, pre¬ 

pared in the ground. 

Second, the wood which confirms of capillary tubes 

running parallel from the root throughout the ftalk, (the 

apertus of thofe tubes are too minute to come under 

the cognizance of the naked eye) thefe Mr. Bradley calls 

arterial veflels j it being through thefe that the lap rifes 

from the root. 

Third, befides thefe there are other larger velfels, 

difpofed on the outfide of the arterial veflels between 

the 
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the wood and the inner bark, and leading down to the 

covering of the root, which he alfo calls venal veffels, 

and fuppofes them to contain the liquid fap found in 

plants in the fpring. 

Fourth, the bark being of a fpongy texture, which by 

many little firings communicates with the pith. 

Fifth, the pith, or pedlen, which confifls of little 

tranfparent globules, chained together fomewhat like the 

bubbles that compofe the froth of liquor. 

Malpighi was the firfl who obferved, that vegetables 

confifl of two forts of veffels. i.Thofe abovementioned, 

which receive and convey the alimental juices. 2.Tracheae, 

or air veffels, which are long hollow pipes, wherein air 

is continually received and expelled, i. e. within which 

tracheae he fhews all the former feries of veffels are 

contained. 

Hence it follows, that the heat of a year, nay of a 

day, of a fingle hour, or minute, mufl have an effedl on 

the air, included in thefe tracheae, i. e. it mufl rarify it, 

and confequently dilate the tracheae; whence alfo mufl 

arife a perpetual fpring or force of action to promote the 

circulation in plants. 

For by the expanfion of the tracheae, the veffels 

containing the juices are preffed; and by that means 

the contained juice is continually propelled, and fo 

adcellerated; by which fame propulfion the juice is 

continually comminuted and rendered more and more 

fubtle, and fo enabled to enter veffels flill finer and 
f 

finer j the thickefl part of it being at the fame time 

fecreted and depofited into the lateral cells, or loculi of 

the bark, to defend the plant from cold and other ex** 

ternal injuries. 

The juice being thus conveyed from the root, to the 

remote branches, and even to the flower j and having in 

everv 
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every part of its progrefs depofited fomething both for 

aliment and defence, what is redundant pafies out into 

the bark, the vefiels whereof are inofculated with thofe 

wherein the fap is mounted; and through thefe it defcends 

to the root, and thence to the earth again, and thus is 

circulation effected. 

Thus is every vegetable added on by heat during the 

day-time, and the flip vefiels thus are fqueezed and pref- 

fed, and the fap protruded and railed, „and at length eva¬ 

cuated, and the vefiels exhaufted in the night again; the 

fame trachea being contracted by the eoldnefs of the air, 

the other vefiels are eafed and relaxed, and fo difpofed to 

receive frefih food for the next day’s digeftion and ex¬ 

cretion. 

The juice being carried on to the germs or bud, is 

more concreted; and here having unfolded the leaves, 

which being expofed to the alternate aCtion of heat and 

cold, moifi: nights, and hot fcorching days* are alter- 

nately expanded and contracted; and the more on ac¬ 

count of their reticular texture. 

By fuch means the juice is farther altered and digefled, 

as it is further yet in the petala, or leaves of the flowers, 

which tranfmit the juice, now brought to a further .fubti- 

lity to the ftamina; thefe communicate it to the farina; 

or dull in the apices, where having undergone a farthef 

maturation, it is filed into the piftil, and here having ac¬ 

quired its laft perfection, gives rife to a new fruit or 

plant. 

Fig. 514. and the four following figures, reprefent the 

ftruCture of the woody fibres and lymphsduCfs both in 

the bark and wood. 

Fig. 514. fiiews a fingle veflel in the bark of flax ; and 

fig. 515. reprefents the fame veflel as feen in the micro- 

fcope, and greatly magnified ; whence it appears to be 

T compofed 
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compofed of a great number of other lignous fibres, with 

which alfo the parenchymous are intermixt. 

Fig. 516. exhibits a parcel of the fame vefiels in the 

wood of fir, greatly magnified ; and at a, is feen the fame 

piece of its natural fize. 

Fig. 517. AB fhews a lymphaeduft, and fig. 518. C, 

reprefents a ladliferous vefiel, both of which are fur- 

rounded with parenchymous bladders, and are greatly 

magnified. 

Fig. 519. reprefents part of the ftalk of fumach, fome- 

what larger (and more magnified) than that of fig. 494* 

with feveral breaks in it, to fhew the contexture both 

of the perpendicular and horizontal fibres ; in which, as 

before, AB a a fhews the hairy Ikin : ABCD the bark 

in which the fibres b b, c c, and d d, that hang down 

therefrom, are lymphsedudts, one of which d d d, is com¬ 

pofed of a great many other fmaller fibres : HWI the 

parenchyma: D M C the common lymphaedudls: KML 

the milk veffels compofed of bladders : H I another fort 

of lymphaeducts arched over the milk vefiels : DCEF 

the wood, from which the fibres e f, that hang down* 

are fome of them the old lymphsedudls turned into wood;, 

g h g h are two air vefiels in which the wreathing thereof 

is plainly feen, and from h to i is alfo feen part of the. 

fame vefiels unwreathed : O P is part of one of the infer- 

tions compofed of bladders, and thofe bladders of threads r 

E F G are parts of the pith compofed of thready os 
fibrous bladders» 

Of 
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Of leaves. 

TH E leaves of trees or plants are full of innumer¬ 

able ramifications, that convey the perfpirable 

juices to the pores for their difcharge. The fibres of the 

leaf do not Hand in even lines from the ffalk, but always 

in an angular or circular pofture, and their vafcular 

fibres or threads are 3, 5 or 7 ; the reafon of their being 

in this pofition, is for the more ere£t growth and greater 

ftrength of the leaf, as alfo for the fecurity of its fap. 

Another obfervable in the fibres of the leaf, is their or¬ 

derly pofition, fo as to take in an eighth part of a circle, 

as in mallows, in fome a tenth, but in moil a twelfth, 

as in holy-oak, or a fixth, as in fyringa. 

The art of folding up the leaves before their eruption 

out of their germs, &c. is incomparable both for its ele¬ 

gancy and fecurity, viz. in taking up (fo as their forms 

will bear) the leaft room; and in being fo conveniently 

couched, as to be capable of receiving prote&ion from 

the other parts, or of giving it to one another, e gr» firft 

there is the bow-lap, where the leaves are all laid fome- 

what convexly, one over another, but not plaited, but 

Where the leaves are not fo thick fet as to ftand in the 

bow-lap ; there we have the plicature, or the flat lap, as 

in rofe-trees, &c. To thefe Dr. Grew adds their various 

foldings, which he calls by the names of the duplicature, 

multiplicature, the fore rowl, back rowl, and tre rowl 

or treble rowl. 

To thefe curious foldings may be added another noble 

guard by the interpofition of films, &c, of which Dr. Grew 

faith there are about fix ways, viz. leaves, furfoyls, inter- 

foyls, ftaks, heads, and mantlings, 

T 2 
» The 
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The various methods which nature takes to preferve 

the leaves from the injuries both of the ground and 

weather are, viz,, the young buds of ammi, at their firft 

eruption from the ground, are couched, as fern is rowled 

inward; each bud, againft the brace of the ftalk of the 

foregoing leaves, and raoft exactly inclofed in the mem¬ 

branes thence produced. Nature hath generally provided 

them with another protection, where the ftalks of the 

leaves are fo long that they cannot lap over each other, 

the bottoms of the {talks are expanded into broad mem¬ 

branes, as in crows-foot, doves-foot, clover, cranfhill, 

strawberry, harrow, &c. and fometimes inftead of two 

{kins lapped over each other, one entire {kin is produced 

from the {talk, in which, as within a fecundine, the bud 

is fafely lodged, which it gradually breaks open in its 

growth. 

It is alfo obfervable in dock, forrel, biftort, and all 

other plants of this fort, with this difference, that every 

veil or fecundine is not here produced from the {talk of 

the leaf; whereas in the former every bud hath one to 

itfelf in thefe plants, every leffer leaf, together with its 

own proper veil, is always inclofed with the next greater 

leaf in another common to them both, and both thefe 

with the next in another, and fo on to the greateft. The 

orchis, and other plants of this fort, have a double 

fheath over all. The buds of fome herbs as plantain, 

having no hairs growing over them, are covered with 

hairy thrums, and the nettle hath baftard-leaves or inter- 

foyis between leaf and leaf, for the prefervation of its 

flings. 

Another fort of protection is feen in white archangel, 

and other plants of a like fhape. In which the greater 

leaves do alfo inclofe the lelfer, by a double fore curl 

at the bottom of every two great leaves, which em¬ 
braces 
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b'races the little under bud, and fo keeps it clean and 

warm. 

The leaves of onions are all pipes one within another, 

having a fmall aperture about the middle common to all 

of them, even the moll minute ones in the center. 

As the buds of common fumach are exceeding tender, 

nature appears in a peculiar manner folicitous for their 

prefervation, being lodged within the body of the flalk, 

as entirely as a kernel is within an apple; from whence 

it is that the bafis of every llalk is extremely fwelled. 

There are alfo globular excrefcencies, fpots, hairs, 

thorns, and prickles. 

Globulets are feen upon orach, but more plainly upon 

bonus henricus, in thefe growing almoll upon the whole 

plant, and being very large, are by moll people taken 

notice of; but the microfcope hath difeovered to us that 

they are the natural and conllant offspring of very many 

other plants, they are of two kinds tranfparent, as upon 

the leaves of hyfop, mint, baume, &c. white on german¬ 

der, fage, &c. Sometimes they appear like a fine powder 

■upon the leaf, thefe were firll white and tranfparent as in 

bear’s ear. If this be licked of, it will afford the t'alle of 

the eflential content of the plant. They frequently grow 

on both fides the leaf, yet fometimes, as in ground-ivy, 

chiefly on the back fide thereof, and in many plants 

where the elder-leaves have none, on the young buds 

they are very numerous, as in corin-tree, forrel, and 

others. 

Spots are obfervable in St. John’s-wort, rue, ground- 

ivy, pimpernel or anagallis, &c. when held up againll 

the light. 

Thorns are lignous and cortical, the firll are fuch as 

thole of hawthorn, fomewhat like thefe are the fpinets or 

^ 3 thorny 
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thorny prickles, upon the edges and tops of divers leaves* 

as barberry, holly, thiftle, furz, &c. 

Cortical thorns are fuch as thofe of the ralberry-bufh, 

being not, unlefs in an invifible proportion, propagated 

from the lignous body. They are of ufe not only for 

the protection of the bud, but alfo for the fupport of 

the plant. 

The ufe of hairs on leaves are to preferve young buds, 

not only from the cold air, but alfo from too much wet, 

which if it were contiguous would often rot and dry 

them. But being made to Hand off in drops, at the ends 

of the hair, does not hurt but refrefh them. Thus we 

fee by the afliftance of the microfcope, that nature often¬ 

times makes the meaneft things fubfervient to the belt 

ends. 

Of the parts and texture of the leaf. 

TH B firft part which here prefents itfelf is the Ikin, 

a fmall bit of which being fcripped off the leaf, 

and laid upon the objeCt carrying glafs R, of fig. 2. or 

held between the nippers, and then placed before the mi¬ 

crofcope, will appear to confifl: of parenchymous and 

lignous fibres, all very curioufly and admirably inter¬ 

woven, as in flag, tulip, &c. 

From hence it is eafy to conceive, that the fkins of all 

plants (as well as thofe of animals) are perfpirable be¬ 

tween the feveral fibres of which they confifl:, formed 

into feveral orifices, either for the better avolation of 

fuperfluous fap, or the admiflion of air ; thefe orifices are 

not in all leaves alike, but varied in bignefs, number, 

fhape, and pofition, and are the caufe of the glofs on the 

upper-fide of the leaves, the backfide having none of them. 

Next 
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Next the fkin lies the pulpy part of the leaf, called the 

parench) ma, being compofed of an incomparable number 

of little cylindrical fibres, which are in moft leaves 

wound up into minute bladders, but generally more 

vifible in the ftalk than in the body of the leaf. In 

fome leaves, as in borage, fig. 520. the greater bladders 

are made up of Idler ones, and in fome others thefe 

parenchymous fibres are all drawn up clofe together. 

The pithy part in the ftalk, and almoft up to the top 

of the chief fibre, in many leaves is tubular, even whilft 

they are yet young and fappy, as in fweet cervil, hem¬ 

lock, endive, cichory, lampfana, dandelion, burdock, 

daize, fcorzonera, and others, and fometimes the faid 

pithy part is opened into feveral pithy pipes; the fibres 

alfo,of the leaf, which is vifible to the naked eye, are 

compofed of fap and air veffels. Their pofilion is various 

and regular, not only in the body of the leaf, but like- 

wife in the ftalk, as in the ftalk of a mallow-leaf, 

fig. 521. they ftand in fix oblong parcels of equal 

fize, and in a circle near the circumference. In dande¬ 

lion, wild clary, and in borage, fig, 522. they ftand in 

five parcels. 

In the body of the leaf, befides the pofitions of the 

fibrous firings, there is one in particular which runs 

round the edge of the leaf in all plants; but can hardly be 

well difcovered without ftripping off the fkin of the leaf. 

The continuation of the veffels feem to be ramified, and 

feem alfo to be inofculated. 

Thefe tracheae or air veffels are vifible, and appear very 

pretty in the leaf of fcabious, or the vine, by pulling 

afunder fome of its principal ribs or great fibres ; between 

which may be feen the fpiral air veffels (like threads of a 

cob-web) a little uncoyled, as reprefented by fig. 523. 

which fhews a piece of a vine-leaf, wherein thefe veffels 

T 4 were 
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were drawn out and a little magnified, and at a the 

fpiral circumvolutions are reprefented as they appeared in 

the microfcope when greatly magnified, and as they 

ftand intire within the wood; and at b is feen one a 

little dretched. 

Mr. Leeuwenhoek tore a leaf of box to pieces, called 

palma cereris, that he might the better examine it, and 

computed one fide thereof to contain 172090 pores, and 

as the other fide mull confequently have the fame num¬ 

ber, the whole pores in a box-leaf will be 344180. 

Of rofemary-Ieaves. 

FIG. 524. reprefents a fmall part of the underfide of 

a rofemary-leaf whereof A B fhews part of the 

upper fide which was doubled over, and confided of a 

finooth Alining fubdance, but its under-fide appeared in 

the microfcope like a thicket of bufiies, amongft which 

were a great number of round balls, exadlly globular, and 

afford a very agreeable profpe<d. 

The back-fide of a rofe-tree leaf, but efpecially of a 

fweet briar leaf, looks diapered with filver. 

The back of the leaf of Englidi Mercury z looks as if 

rough cad with filver, and all the ribs fet round with 

white tranfparent balls. 

A leaf of rue looks full of holes like an honey¬ 

comb. 

A fage-leaf is taffeled with white filver thrums, and 

one or two crydal beads, or pendants, fadened to every 

knot. 

y Hook’s Mic. p. 142. f Power’s Mic. Obf. p. 50.’ 
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Of ftinging-nettles. 

Nettle is a plant known almoft to every body, there 

being very few but what have felt as well as feen 

it; but how the pain is fo fuddenly created, and by what 

means continued, we muft have recourfe to the micro- 

fcope for our information, and that will, if almoft any 

part of the plant be looked on, fhew us the whole fur- 

face thereof to be very thick fet with fharp points, that 

penetrate the Ikin when touched, and occafion pain, heat, 

and fwelling; they are reprefented in a fmall part of the 

leaf as they appear in the microfcope, by fig. 525. at 

A B, confiding of a rigid hollow body tapering from B, 

till it terminate in the moft acute point imaginable, being 

exceedingly clear and tranfparent. At the bottom of this 

cavity lies a minute bag B, containing a limpid liquor a, 

which upon the leaft touch of the prickle, is fquirted 

through the little orifice, and if it enters the fkin, pro¬ 

duces the before-mentioned mifchiefs by the pungency of 

its falts. C D fhews one of the chief fibres of the leaf, 

from whence the ftings proceed. 

The other parts of the leaf or furface of the nettle have 

very little confiderable, but what is common to moft 

plants, as the ruggednefs, indenting, and hairinefs, and 

Other roughneffes of the furface, on the outfide of the 

plant. 

Of CO wage, or co witch. 

H E R E is a certain down of a plant, brought from 

A the Eaft-Indies, which grows on a kind of hairy 

kidney bean b. The pods about three inches long, re- 

fern ;e 
t Hook’s Mic. p. 143. J. Ibid. p. 146. 
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femble a French bean, and are covered with this down or 

hair, which is very ftiff for its bignefs, and caufes pain, 

and inflammations, if rubbed on any part; and when 

viewed by the microfcope, this down appears to be a 

multitude of pointed thorns exquifitely {harp. 

Of the texture of the leaves of fea-weeds. 

IT is a plant which grows upon the rocks under water, 

increafmg and fpreading itfelf into a great tuft, which 

is not only handfomely branched into feveral leaves, but 

its whole furface is covered over with a curious kind of 

carved work c, confifting of a multitude of very fmall 

holes, ranged in the neatell and moil delicate order; a 

fmall piece thereof is reprefented as it appeared in the 

microfcope, at fig. 526, 

Of flowers. 

A Flower is that part of a plant which contains the 

organs of generation, or the parts necefiary for the 

propagation of the kind. 

It is a natural pradu£tion, which precedes the fruit, 

and yields the grain or feed. 

Their ftrudture is fomewhat various, though the gene¬ 

rality, according to Dr. Grew, have thefe three parts 

entire, the empalement, the foliation, and the attire. 

Mr. Ray reckons, that every perfect flower has the 

petala, flamina, apices, and ftylus, or piftil; fuch as 

want any of thefe he deems imperfect flowers. 

In moil plants there is a perianthium, calyx, or flower 

cup, of a ftronger confiftence than the flower itfelf, and 

defigneJ to firengthen and preferve it. 

Flowers, 
* Hook’s Mic. p. 14c; 
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Flowers, whofe petala are ftrong (as tulips), have no 

calyx; carnations, whofe petala are long and {lender, 

have an empalement of one piece; and others as knap¬ 

weeds, have it confifting in feveral pieces, and in divers 

rounds, and all with a counterchangeable refpetft to each, 

other, for the greater ftrength and fecurity of themfelves 

and the petala, &c. they include. 

The next is the foliation, as Dr. Grew, the petala, 

or folia, as Mr. Ray, and others; in thefe, not only 

the admirable beauty, and luxuriant colours are ob- 

fervable, but alfo their curious foldings, in the calx be-, 

fore their expanfion, of which Dr. Grew hath thefe 

varieties, viz. the clofe couch, as in rofes, and feveral 

other double flowers; the concave-couch, as in blataria ; 

flora albo, the Angle plait, as in peafe-blofioms; the 

double plait, as in blew-bottles, &c. the couch and plait 

together, as in marigolds, daizes, &c. the rowl, as in 

lady bower; the fpire, as in mallows; and laftly, the 

plait and fpire together, as in convolvulus doronici folio. 

As to the ftamina with their apices and ftylus (called 

the attire by Dr. Grew) they are admirable, whether we 

conflder their colours, or their make, but efpecially their 

ufe, if it be as Dr. Grew, Mr. Ray, and others imagine, 

namely, as a male fperm, to impregnate and fruftify the 

feed; which opinion is corroborated by the ingenious ob- 

fervations of Mr. Samuel Moreland, viz. 

All flowers, in general, or at leaft the greateft part of 

them, are furnifhed with chives, tops, and piftils. 

The farina, or fine mealy powder, which is at its proper 

feafon fhed out of thofe thecas or apices; feminiformes 

which grow at the top of the ftamina, do in fome mea- 

fure perform the office of a femen mafculinum, by drop- 

ping upon the outfide of the uterus or vafculum feminale, 

and impregnate the included feed, &c, But Dr. More¬ 

land 
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land was of opinion, that the feeds which come up in 

their proper involucra, are at firft like the unimpregnated 

ova of animals ; that this farina is a congeries of feminai 

plants d, one of which muft be conveyed into every 

ovum, before it can become prolifick. That the ftylus, 

as Mr. Ray, or the upper part of the piftulum, as Mr. 

Tournefort calls it, is a tube defigned to convey thefe 

feminai plants into their neft in the ova; and that there 

is fuch a vaft provifion made thereof, becaufe of the odds 

there are, whether one of fo many {hall ever find its way 

into, and through fo narrow a conveyance. 

For in the corona imperialis, where the uterus or 

vafculum feminale of the plant ftands upon the centre of 

the flower, from the top of which ftands the ftylus; the 

vafculum feminale, and ftylus together, reprefenting a 

piftillum; round this are planted fix ftamina; upon the 

extremities of each of thefe are apices, fo artfully fixed, 

that they turn every way with the leaft blaft of wind, 

being in height almoft exactly equal to the ftylus, about 

which they play, and which in this plant is manifeftly 

open at top ; it is hollow all the way, and upon the top 

of the ftylus there is a fort of tuft, confifting of pinguid 

villi, fuppofed to be placed there to catch and detain the 

farina, as it flies out of its thecae; and that the rain either 

waihes it, or the wind ih'akes it down the tube, till it 

reaches the vafculum feminale. 

In the caprifolium or honey-fuckle, there rifes a ftylus 

from the rudiments of a berry, into which it is inferted, 

to,the top of the monopetalous flower; from the middle 

of which flower are fent forth feveral ftamina, that fhed 

their farina off the cafes, upon the orifice of the ftylus, 

which in this plant is villous or tufted, upon the fame 

account as the former is. 
In 

e’ Phil. Tranf. No. 2S7. 
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In allium or common garlick, there arifes a tri-coccous 

uterus, or feed-veffel, in the center of which is inferred 

a fhort ftylus, not reaching fo high as the apices, which 

thus overtopping it, have the opportunity of fhedding. 

their globules the more eafily into its orifice; for which 

reafon there is no tuft on this as on the former, to in- 

fure its entrance, that being provided for by its fituation 

juft under them. 

From whence we conclude, that where a fine powder 

is curioufly prepared, carefully repofited, and fhed abroad 

at a peculiar feafon, where there is a tube planted in fuch 

a manner, as to be fit to receive it, and fuch care in dif- 

pofing this tube, that where it does not lie diredfly under 

the cafes that fhed the powder, it hath a peculiar appa¬ 

ratus at the extremity to infure its entrance, fo that no¬ 

thing can be more genuinely deduced from any premifes, 

than it may from thefe, that this powder, or fome of it, 

was defigned to enter this tube ; if thefe ftamina had been 

only excretory ducts, to feparate the grofier parts, and 

leave the juice defigned for the nourifhment of the feed 

the more referred, what need was there to lodge thefe 

feces in fuch curious repofitories ? they would have been 

conveyed any where, rather than where there was fo 

much danger of their dropping into the feed-veffel again, 

as they are here. Again, the tube, over the mouth of 

which they are fhed, and into which they enter, leads 

always diredtly into the feed-veffel; to which may be 

added, that the tube always begins to die, when thefe 

thecse are emptied of their contents ; if they laft any 

longer, it is only whilft the globules which enter at their 

orifice, may be fuppofed to have finifhed their paffage; 

nor can we expect a more convincing proof of thefe 

tubes being defigned to convey thefe globules, than that 

they wither when there are no more globules to be con- 

veyed. jn 
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In leguminous plants, if the petala of the flower be 

carefully taken off, the pod or filiqua may be difcovered, 

clofely covered with an involving membrane, which 

about the top, feparates into feveral ftamina, each being 

fraught with its quantity of farina; and thefe ftamina 

bound clofe upon the brufh, which is obfervable at the 

extremity of that tube, which here alfo leads to the 

pod; it does not indeed ftand upright, but bent fo as to 

make almoft a right angle with it: in rofes there Hands 

a column confuting of feveral tubes, clung clofely to¬ 

gether, though eafily feparable, each leading to its pecu¬ 

liar cell, having the ftamina in great numbers planted 

all round. In tithymalus or fpurge, there arifes a tricoc- 

cous veflfel, that, whilft it is fmall and fo not eafily dif- 

cernable, lies at the bottom, till it is impregnated; but 

afterwards it grows up and Hands fo high upon a tall 

pedicle of its own, as would incline one to think, that 

there was to be no communication between this and the 

apices, which he fees dying below. In ftrawberries and 

rafberries, the hairs which grow upon the ripe fruit are 

fo many tubes, each leading to its particular feed 5 and 

therefore we may obferve, that in the ftrft opening of the 

flower there ftands a ring of ftamina within the petala, 

and the whole inward area appears like a little wood of 

thefe hairs or pulp, which when they have received and 

conveyed their globules, the feed fwells and rifes in a 

carnous pulp. 

Fig.527. reprefents a yellow lilly. A, the top of the piftil 

or tube, at which the feminal plants are fuppofed to enter, 

and through which they are conveyed to the unimpregnated 

feeds in the feed-velfels; bbthe apices femini-formes, which 

when open, fhed that powder which enters the tube at A ; 

C the place of the feed-velfel at the bottom of the tube, the 

tube and veffel itfelf being concealed under the leaf in this 

figure. Kg* 
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Fig. 528. reprefents the filiqua in a flower of a pea 

kind, E the tube which arifes from the filiqua, and con¬ 

veys the plants thereto ; F the membraneous coat which, 

involves the filiqua laid open : g g g g the apices, which 

before the membraneous tegument is laid open, appear 

to rife from its edges, and by the petala of the flower aie 

kept clofe upon the orifice of the tube, that they may 

conveniently fhed their farina into it. 

Hence we learn from the general ftrudfure of the 

flowers of plants, though diverfifted infinite ways, that 

fome have no fenfible piftil, others no ftamina, others 

have ftamina without any apices; and what exceeds all 

the reft, fome plants have no flowers. 

Mr. Bradley obferves, that at the bottom of the piftil 

of the lilly, there is a veflel which ne calls the uterus,' or 

womb, wherein are three ovaries filled with little eggs, 

or rudiments of feed, which, fays he, always decay and 

come to nothing, unlefs impregnated by the farina of the 

fame plant, or fome other of the fame kind. 

It is this farina or duft falling out of the apices on the 

piftil, fcecundifies the grain or fruit inclofed therein ; 

and hence they call it the farina fecundans. Thus the 

farina ftiould be the male part of the plant, and the 

piftil the female. 

The fruit is ufually at the bafis of the piftil, fo that 

when the piftil falls with the reft of the flower, the fruit 

appears in its ftead. The piftil is frequently the fruit 

itfelf, but ftill they have both the fame fituation in the 

center of the flower, whofe leaves difpofed around the 

little embrio, only feem deftined to prepare a fine juice 

in their little vefleis for its fupport. Mr. Bradley imagines 

their ufe to be only to defend the flower. 

The difpofition of the piftil, and the apices about it, 

is always fuch, as that the farina may fall on its orifice; 

it 
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it is ufually lower than the apices; and when we ob¬ 

serve it to be grown higher, we may conjecture' the fruit 

has begun to form itfelf, and has no further occafion for 

the male dull. Alfo, as foon as the work of generation 

is over, the male parts, together with the leaves, fall off, 

and the tube leading to the uterus begins to fhrink. Nor 

muft it be omitted, that the top of the piftil is always 

either covered with a fort of velvet tunicle, or emits a 

gummy liquor, the better to catch the dull of the apices. 

In flowers that turn down, as in the acanthus, cyclamen, 

and the imperial crown, the piftil is much longer than 

the ftamina, that the dull: may fall from their apices in 

fufficient quantity thereon. 

This fyftem favours much of that admirable uniformity 

found in the works of nature, and carries with it all the 

feeming charadlerifticks of truth. Mr. Geoffrey fays, 

that the plant is rendered barren, and the fruits become 

abortive, by cutting off the piftils before the dull could 

impregnate them, which is fince confirmed by other ex¬ 

periments of Mr. Bradley. 

In many kinds of plants, as willow, oak, pine, cyprefs, 

mulberry-tree, &c. the flowers are fterile, and feparate 

from the fruit; but then they have their ftamina and 

apices, which may eafily impregnate the fruits, which 

are not far off. 

There is fome difficulty in reconciling this fyftem to 

a fpecies of plants, which bear flowers without fruits, 

and another fpecies of the fame kind and name, which 

bear fruits without flowers ; hence diftinguifhed into male 

and female ; of which kind are the palm-tree, poplar, 

hemp, hops, See. for how fhoulcl he farina of the male 

here come to impregnate the feed of the female. Mr. 

Tournefort imagines, that the fine down always found 

mi the fruit of thefe plants, may ferve inftead of flowers, 

and- 
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Sftd do the office of impregnation; hut Mr. Geoffroy 

rather takes it, that the wind doing the office of a vehicle, 

brings the farina of the males to the females. 

For the manner wherein the farina fecundities, Mr, 

Geoffroy advances two opinions, i. That the farina being 

always found of a fulphurous compofition, and full of 

fubtile penetrating parts, falling on the piftii of the flowers, 

there refolves, and the fubtileft of its parts penetrating 

the fubftance of the piftii and young fruit, excite a fer¬ 

mentation fufficient to open and unfold the young plant, 

contained in the embrio of the feed 5 in this hypothefis 

the feed is fuppofed to contain the plant in miniature, 

only wanting a proper juice to unfold its parts and make 

them grow. 

The fecond opinion is, that the farina of the flower is 

the firft germ, or bud of the new plant4, and needs no¬ 

thing to unfold it, and enable it to grow, but the juice 

it finds prepared in the embrio’s of the feed. 

The reader will here obferve, that thefe two theories 

of vegetable generation, bear a ftrict analogy to thofe of 

animal generation, viz. either that the young animal is 

in the femen mafeulinum, and only needs the juice of the 

matrix to cherifh and bring it forth, or that the animal 

is contained in the female ovum, and needs only the male 

feed to excite a fermentation. 

Mr. Geoffroy takes the proper feed to be in the farina, 

becaufe the belt microfcopes do not aifeover the leafj ap- 

pearance of any bud in the little embrio’s of the grains, 

when examined before the apices have fheJ their dull:. 

In leguminous plants, if the leaves and ftamina be re¬ 

moved, and the piftii, or that part which becomes the 

pod, be viewed with the microfcope, ere yet the flower 

be opened, the little green tranfparent veficulae, which 

are to become the grains, will appear in their natural 

U order,- 
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order, but ftill fhewing nothing elfe but the mere coat of 
fkki of the grain. 

If the obfervation with the microfcope be continued for 

feveral days fucceffively, in other flowers as they advance* 

the veflcula will be found to fwell, and by degrees to be¬ 

come replete with a limpid liquor; wherein when the 

farina comes to be filed, and the leaves of the flower to 

fall, we obferve a little greenifli fpeck, or globule, float¬ 

ing about at large. At firfl: there is no appearance of 

organization in this little body ; but in time, as it grows* 

we begin to diftinguifh two little leaves like two horns* 

The liquor infenfibly diminifhes as the little body grows, 

till at length the grain becomes quite opake; when upon 

opening it, we find its cavity filled with a young plant 

in miniature, con filling of a plumula, radicle, and lobes. 

The tops or apices fometimes Hand ere£f above their 

chives or flamina, as thofe in lark-heel, but generally 

hang a little down by the middle like a kidney bean, as- 

in mallows; they have for the raoft part a double cleft, 

though it is in fome Angle, from which they difburfe 

their powders which Hart out, and Hands upon the lips of 

the cleft, as at fig. 529. which reprefents one of the apices 

of the flower of St. John’s wort magnified. 

The particles of thefe powders although like meal or 

duff, yet if viewed through a microfcope, they have all 

©f them very curious and regular forms. In dog’s-mercury 

and torage they are extreamly frnall, but in mallows fairly 

vifible to the naked eye. In fome flowers thefe powders 

are yellow, as in dog’s-mercury, goat’s rue, &c. and in 

fome of other colours, but in moft they are- white 5 thofe 

of yellow henbane are very elegant, being to the naked 

eye as white as fnow, and in the microfcope as transparent 

as cryftaL 

The 
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The tops or apices which contain the farina, are for 

the mod part either white or yellow, fometimes blue, but 

never red. Whatever colours the flowers be of, they 

differ in pofltion, fometimes ftanding double upon one 

chive, as in toad-flax, fnap-dragon, &c. In fome they 

are faftned to their ftamina at their middle, as in Spanifh 

broom, hyffop, fcabeous, behen, &c. in fome ereft, as 

in clematis, auftriaca, ladies looking-glafs, rape crow¬ 

foot, &c. coded arfmat hath no chives, but Hand upon a 

large bafe. 

Their number are alfo different, in great celandine, 

rofe, rape-crow-foot they are numerous 3 in great plantain, 

and fome other herbs, much more confpicuous than the 

foliature itfelf. In germander chickweed, they are always 

two, and no more3 in fome they follow the number of 

the leaves, efpecially in the number five3 as in blattaria, 

black henbane, &c. In ftichwort and lychnis fylvefrris 

they are ten, juft double to the number of leaves. 

Their fhape is different, and always very elegant, with 

great variety. In borage, like the point of a fpear3 in 

blattaria, like an horfe-fhoe; in clematis like a fpatula, 

wherewith Apothecaries make their mixtures: in mallow 

like a head-roll3 in hyfop they have one cleft before, in 

blattaria one round about 3 in water betony one at the 

top 3 in fcabious they have a double cleft, one on each 

fide. 

In colocynthis the farina is not contained in feveral 

thsecae or apices ftanding upon chives, but is all of one 

entire part, like a thick column in tire midft of the flower, 

having feveral little ridges or furrows winding from the 

top to the bottom round about, in the middle of each of 

which runs a line, where the fkin, after fome time, opens 

into two lips, and prefents the globular particles con¬ 

tained in the hollow of every ridge. 

U 2 But 



292 Of Flowers. 

But where the feeds are contained in the apices, a ftilus 

or little column ftands upon the top of the true feed-cafe, 

which is alfo regularly and varioufly figured. In bind¬ 

weed it hath a round head like that of a great pin. Ill 

the common bell, St. Johnwort, &c. it is divided into 

three parts. In gerarium into five ; in afarum into fix; 

fometimes the head is fmooth, and in others it is befet 

with little thorns, as in hyofcyamus. 

The piftil is a little upright part in the middle of the 

calx, or the leaves of flowers, called alfo the ftyle. 

It is an effential part of a flower, and the principal 

female organ of generation, it being in this that the 

feeds or young plants are formed. It arifes from the 

pedicle of the flower, or the center of the calx, and at 

length becomes the young fruit, which is fometimes hid 

in the calx, and fometimes quite out. 

Its figure is very different in different flowers; in 

fome it is a little ftalk, which enlarges at the two ends, 

in others a mere ftamen or thread, fometimes it is round, 

fometimes fquare, triangular, oval, &c. 

Almoft all piftils are furniftied at top, either with fine 

hairs, or little filaments difpofed in plumes, or are befet 

with little veficles full of a glutinous juice. 

Some flowers have feveral piftils, or rather the piftils 

terminate in feveral branches, which have their rife from 

as many young fruits, or as many capfulse containing 

feeds. 

Whatever form the piftils are in, they have certain 

apertures at their tops, or clefts, continued their whole 

length, to the bafe or embrio of the fruit. 

The feed veffels confifts fometimes of two, and for the 

raoft part of three pieces; for which reafon they are 

called fuits, as at a b c d, fig. 52,7. 

The 
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The outer part of each fuit, according to Grew, is its 

floret, whofe body or tube is divided at the top (like that 

of a cowflip) into five leaves as at b, which forms a 

flower in miniature, and is all the flower in many plants, 

as mugwort, tanfye, &c. Upon the expanfion of the flo¬ 

ret, the next part c, of the fuit, begins to appear from 

within its. tube, which may be called the (heath (with 

refpedt to that within it). This (heath in a fhort time 

divides at top, through which aperture the blade d dil- 

plays itfelf. This is the third part of the fuit, and ter¬ 

minates in a forked point, about which appear little glo¬ 

bules. 

In fome flowers every one of the before-mentioned 

florets is encompafled with an hedge of hairs, and every 

hair branched on both fides, almofl: like a fprig of fir, as 

at c d in golden rod, fig. 530. which (hews one of the 

fuits thereof as it appeared in the microfcope, in which 

at e is the little column or blade that contains the farina, 

which is alfo feen by itfelf at F. 

The bafe of the floret is generally cylindrical, but 

fometimes fquare, as in French marigold, at a, fig. 53r. 

and the leaves thereof, which for the moil part are 

fmooih, in the fame flower are all over hairy. The mid- 

dlemoft of the three parts or (heath b, is ufually faftned 

to the top, or die at the bottom of the floret, and is 

rather indented than parted into leaves : the furface 

fddo.-n plain or even, but wrought into five ridges and 

as many gutters, running aimed; parallel from top to 

bottom. 

The inmoft part or blade runs through the hollow of 

the two former as at a, fig. 531. and is faflned with the 

floret to the convex of the feed cafe ; the head and Tides 

or this part is always belet round about with globulets. 

In fome growing clofe to the blade, as in common mari¬ 

gold ; and in the french marigold, as at fig. 532. and 

others, upon little (lender (talks. Thefe3 as the blade 

XJ 3 Springs 
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fprings up from within the (heath, are rubbed off and 

(lands like a powder upon them both. In fome, as in 

chicory, they feem to grow within-fide the (heath, as 

will appear if it be fplit e with a fmall pin, as alfo in 

knap-weed they are very numerous. 

The head of the blade is always divided into two, and 

fometimes into three parts, as in chicory, fig. 533, which 

gradually cuil outwards after the manner of fcorpion 

grafs. 

This description agrees principally to the corimbiferous 

kind, as tanfy, camomile, &c. but in fcorzonera, chicory, 

fig. 533. hawk-weed, moufe-ear, and all the intibous 

kind, with many more. The piftil is feparated from the 

foliature, fo as to (land alone therein, every leaf a b c 

of the flower having a piftil of its own; for which reafon 

the bafe of each leaf is formed into a little tube a, fig. 

533. that inclofes the piftil, which commonly confifts of 

a (heath and blade e; the leaf itfelf anfwering to the 

floret in other flowers. The blade (or rather (lamina) is 

leen drawn out of its (heath at f g of the fame figure, and 

at g the head of the blade is opened into three parts, 

which are full of thofe globular particles before-mentioned. 

The time in which the flower is generated, is hardly 

any where, if at all taken notice of among fo many ob- 

fervers of plants. It is therefore to be remarked, that all 

the parts of the flower in all flowers, are perfectly finifhed 

long before they appear in fight, ufually three or four 

months, and in fome fix. And that in perenial plants, 

thofe flowers which appear in any one year are not formed 

in that, but were actually in being and intire in all their 

parts the year before. The flower of mezerop, which 

opens in January, is intireiy formed about the middle of 

Auguft in the foregoing yearj at which time, if the green 

Jcayes of the bud be carefully removed, the leaves of the 

flower 

c Grew Ana. Plants, p. 170, 
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flower and feed-like attire, encompafling the feed-cafe, 

may be diitinelly feen when placed before the micro- 

Icope, 

In order to obferve the mealy powder or farina, let it 

he gathered in the midft of a fun-fhiny day when all the 

dew is off, {hake, or elfe gently bruih it off with a foft 

hair-pencil u on a clean piece of white paper; then 

breathe upon a fmgle talc, and infbntly apply it to the 

farina, which will adhere to it. If too great a quantity 

of powder fficks to the talc, blow a little of it gently off, 

if not enough breathe on it again, and touch the farina 

with it as before, then fix it in a Aider as before diredled. 

But I would here advife the curious not to neglect an 

examination of the little cells that contain the farina, and 

alfo of the piffils and uteri, and other parts of generation 

of tire flowers. 

Fig- 534. reprefents the flower of St. Johnwort a little 

magnified, in which may be feen the ftamina and their 

apices iurrounding the feed-cafe, fig. 529. is one of the 

apices more magnified. 

Fig. 530. reprefents one fuit of golden rod flower, 

conufting of a feed-cafe A, and a ftamina e, one of which 

is feen by itfeif at F. 

Fig. 531. fhews one of the fuits of French marigold, 

-or flos African us magnified, of which there are about 

twelve in one flower, each confifting of three pieces, the 

middiemoft of which is feen alone at fig. 532. 

Fig. 5:15. reprefents one fuit of chryfanthenmm-creet, 

conUling alfo of three pieces, of which there are about 

eighty in one flower. 

Fig 536. exhibits one fuit of knapweed magnified, 

conhftiiig of three pieces, a b is the feed-cafe, at the 

bottom oi every fuit. 

f i-g. 537- ‘s a microfcopic reprefentation of one of 

tr_> luits <jr marigold, of which there are about forty in 

one flower, 

U 4 Fig. 



2$ 6 Of the Fruit. 
Fig. 533. reprefents the piftil and blade, proper to each 

leaf in the flower of chicory. 

Fig. 538. reprefents one of the flowers in the bud of 

mezeron perfectly formed in all its parts the year before 

it appears, but differs in fhape as a foetus doth when 

newly formed. 

Fig. <539. fnews the fame flower cut open, wherein may 

be feen the fpermatic thsecae and the uterus. 

Of the fruit of an apple, lemon, cucumber, 
and pear, 

TH E general compofition of all fruit is one, that is, 

their effential parts are in all the fame, and but a 

continuation of thofe which have been already obferved 

in the other parts of a plant. Yet from the different con¬ 

stitutions and tin&ures of thofe parts, the feveral varieties 

in fruits proceed. 
An apple confifts of a fkin, parenchyma, veifels and 

core; the parenchyma or pulp is the fame with that of 

the bark of the tree, as is apparent not only from the 

vifible continuation thereof, from the one through the 

Stalk into the other, but alfo from their ftrudture, being 

both compofed of bladders, with this difference, that- 

whereas in the bark they are very fmall and fpherical (as 

may be plainly feen when viewed through the micro-* 

fcope) here they are oblong and very large, in propor¬ 

tion to the fize and tenderrjefs of the fruit, being all uni¬ 

formly fa-etched out by the arching of the veifels, from 

the core towards the circumference of the apple. 

The veffels, as in the other parts of a plant, are fucci- 

forous, and for air, both the branches of the former and 

the Angle veifels of the latter are extremely fmall, running 

every where together; not collateral, as veins and ar¬ 

teries do in animals, but the latter fheathed in the former. 
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They are diftributed into twenty principal branches, 

the ten outermoft a little within the apple, are diverted 

from a freight line into fo many arches ; from which a 

few fmall branches are without any order difperfed thro* 

the apple; the five middlemoft and the five inmoft run in 

a ftrait line as far as the core, and are there diftributed 

•into as many leffer arches, the former at the outer and 

the latter at the inner angles of the core, upon which laffc 

the feeds hang. 

All thefe main branches meet together at the top of the 

apple, where originally they ran into the flower. 

A lemon hath a three-fold parenchyma, feemingly 

derived from each other; the texture upon every deriva¬ 

tion being fomewhat altered, by being made more clofe 

and elaborate. The outmoft called the rind, hath the 

moft open and coarfeft texture, being compofed of the 

largeft threads, and thefe wove up into larger bladders. 

Thofe little cells which contain the eftential oil of the 

fruit, and Hand near the furface of the rind, are fome of 

the fame bladders, but more dilated. 

From this outmofl parenchyma, nine or ten infertions 

are produced, betwixt as many portions of the pulpy part 

towards the center, where they all unite into one body, 

anfwerable to the pith in the trunk or root of the tree $ 

and are a confpicuous demonftration of the communica¬ 

tion between the bark and pith. 

Throughout this parenchyma the vefiels are difperfed, 

but the chief branches hand on the inner edge of the 

pith, juft at the extremities of every lamellae from thofe 

branches at the edge of the pith; other little and very 

fhort ones flioot into the pulp of the fruit, upon which 

the feeds are appendant. In the center of the pith are 

eight or nine in a ring, which run through the fruit up 

to the flower. 

Between the rind and pith, and thofe feveral lamelated 

ip.fertions which join them together} ftands the fecond 

fort 
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fort of parenchyma, being clofer and finer, and divided 

by the lamels into feveral diftindt bodies, every one of 

them being an entire bag -3 in every one of which the 

parenchyma is contained ; which is alfo a clufter of other 

lefier bags, all disjoined from one another, each having 

their diftindt ftalks of feveral lengths, by which they are 

all faftned to the utmoft fide of the great bag wherein 

they are contained. Within thefe lefier bags alfo the 

microfcope can fhew many hundreds of bladders, con- 

fifting of extremely fine threads, as it were wove together 

into that figure ; and within thefe bladders lies the acid 

juice of the lemon. 

A cucumber hath alfo a three-fold parenchyma, the 

outermoft is derived from the bark, which being expofed 

for fome time to dry, and then tranfverfly cut with a 

razor ; not only the bladders but alfo the threads whereof 

the bladders confift, are plainly vifible when viewed thro* 

the microfcope. 

Throughout this parenchyma are difperfed the fap 

vefiels, in ten or twelve very large branches, each of 

which embofoms another of air vefiels. 

The middle parenchyma is derived from the pith, and 

divided into three triangular columns, within which are 

a diftindt fort of fap vefiels, whence feveral frnall and 

fnort fibres {hoot into the inmoft parenchyma, whereupon 

the feeds do hang. 

The inmoft parenchyma wherein the feeds do lie (and 

which anfwers to the pulp of a lemon) feems to be pro¬ 

duced from the feed-fibres, by three infertions from the 

columns, and as many from the outmoft parenchyma, and 

thefe reinferted; it is divided into fix triangular bodies, 

and every triangle into three ovals. 

A pear, befides the fkin, confifts of a two-fold paren¬ 

chyma of vefiels, tartareous knots, or grains, and a core; 

the {kin when viewed in the microfcope, appears to be 

lined with a great number of thefe tartareous grains, which 

are 
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are alfo difperfed round about the fruit, for about the 

thicknefs of the third of an inch, as will appear on apply-* 

ing a tranfverfe dice of a pear to the microfcope. 

The outer parenchyma is of the fame original and ge¬ 

neral Arudture as in an apple, but the bladders not alto¬ 

gether fo long with refpedf to their breadth. 

The bladders here have alfo a different pofltion from 

that they have in an apple, being in that all Aretched out 

towards one common center, which is that of the apple 

itfelf. But here they every where bear a refpedf to the 

faid tartareous grains, every grain being the center of a 

certain number of bladders. 

Throughout this parenchyma, the veffels for fap and 

air are likewife difperfed into fifteen principal branches. 

The five utmoA make as many arches, but commonly 

not fo deep as in an apple; from thefe fome fmall fibres 

are difperfed throughout the parenchyma. The ten inner 

branches proceeding to the feed, and from thence with 

the other five to the flower. 

Next the core Aands the inner parenchyma, confifiing 

of fmall roundifh bladders, anfwerable to that of the pith, 

from which it feems to be derived. 

Between this and the outer parenchyma, the faid tar¬ 

tareous grains begin (firA) to fiand nearer together, to 

grow bigger, and of a more unequal furface; and by 

degrees to unite into a body, in fome pears, and efpecially 

towards the core, they are almoA as hard as a plumb-Aone. 

On cutting a pear lengthwife, through its center, thefe 

tartareous grains will be apparent. 

At the bottom of the core in moft pears, and a little 

below the center of the fruit, is a kind of umbelical knot; 

from whence extends a Areight channel, which opens at 

the middle of the core or Aool of the flower, fcarce wide 

enough to admit the fmalleft pin. 

Of 
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Of a plumb, and fome other fruits of the 

fame kind. 

Plumb confifts of a parenchyma, the two general 

iT kind of veffels, and a ftonej and in proportion to 

the bulk of the fruit, hath more veffels than an apple or 

pear. Alfo in plumbs, all thefe veffels are braced together 

into one uniform piece of net-work, every where ter¬ 

minating at an equal diftance from the circumference, the 

ikin is fibrous and tough. 

The ftone is compofed of two, or rather three diftindt 

parts, one of them the lining, taking its rife from the 

parenchyma, which the feed branch brings along with it, 

through the channel in the fide, and at laft into the hol¬ 

low of the ftone, and is there fpread all over it. 

The foundation or ground of the outer and more bulky 

part of the ftone, is the inner part of the parenchyma, 

upon which the tartareous parts of the fap are continually 

precipitated, and thereby petrified, as appears on com¬ 

paring the feveral ages of the fame fruit together; on the 

furface of many ftones, fome of the faid tartareous parts 

appear in diftindt grains. 

An apricock is of the plumb kind, hut fome things are 

herein better obferved, as firft the pofition of the bladders 

of the parenchyma; for the tartareous parts of the fap, 

not being here difperfed in little grains, throughout the 

fruit as in a pear, but are all thrown off into the ftone 3 

therefore the bladders all radiate exactly to the center of 

the ftone, conveying thereto the feculent fap, in fo many 

little ftreams. This is beft feen when the fruit is full 

Ape. 

The gradual tranfmutation of the inner part of the 

parenchyma into a ftone, is alfo more apparent in this 

fruit. 
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fruit, and fo are the three coats which ferve for the gene¬ 

ration of the feed; being now all very dirtindt and re¬ 

markable. 

A peach hath a much bigger Hone, and therefore when 

full ripe, it hath a more defecated or better refined juice; 

the reafon why the ftone is fo great, is becaufe the veffels 

run fo numeroufly through the body of it; and fo caule 

-a more copious p erfpiration of the lees therein. 

A cherry is likewife nearly related to a plumb, but the 

bracement or reticulation of the veffels, is here carried 

on farther, fo as to be all round about contiguous to 

the fkin. 

A walnut is a nuciprune, or between a plumb and a 

nut, for the rind anfwers to the pulp, and the fhell, as 

the ftone, is alfo lined ; but the feed-veffels, which in a 

plumb run through a channel, made on purpofe in the 

ftone, do here enter as in a nut, at the center of the 

{hell; by which means they are inverted with a more fair 

parenchyma, 

Of the grape. 

Grape is as it were a plumb with two rtones, for 

li their thicknefs are as hard as any other. The prin¬ 

cipal fibres run diredtly between the rtones ; and the final- 

ler fibres, and make only one fingle net; near the cir¬ 

cumference they all meet together at the top of the grape.. 

Many lignous fibres are alfo mixed with the fkin itfelf, 

whereby it becomes very thick and tough. 

The parenchyma, or pulp of a grape feems to be de¬ 

rived from the pith, at leaft as far as the reticulation of 

the fibres. 

The 
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The anatomical preparation of vegetables. 

THOSE leaves of plants are only fit for this pur- 

pofe, whofe internal ftru&ure is compofed of woody 

fibres, and are of a pretty good thicknefs, as the leaves 

of oranges, lemons, jeflamin, bays, rofes, cherries, apri- 

cocks, peaches, plumbs, apples, pears, poplars, pines, 

oaks, ivy, See. 

There are feveral other that have no woody fibres or 

veins, but thefe diffolve without feparating, as thofe of 

vines, and lime-trees. 

The leaves are to be gathered f in June, or July, 

when they are full grown, and have not been damaged 

by worms, or caterpillars; put them into an earthen pot 

or large glafs, with a good deal of rain-water, the pot 

or glafs being kept uncovered with water, and as it eva¬ 

porates a frefh quantity muft be poured in. In about a 

month’s time, fome of the leaves will begin to putrify, 

tut the others muft be kept two months longer. When 

the two external membranes begin to feparate, and the 

green fubftance of the leaf to grow liquid, then it is 

time to perform the operation. The leaf is to be put 

into a white flat earthen plate or difh, filled with clear 

water; then upon gently fqueezing it with the finger, 

it will open on one fide, and the green fubftance will run 

out; immediately on that the two outer membranes muft: 

be ftripped off, chiefly in the middle, and along the 

nerves, where they adhere clofely. If there be once an 

opening, they will go off very eafily; the fkeleton that 

remains between, is afterwards wafhed in clean water, 

and kept between the leaves of a book. 

The 

f Phil. Tranf. No. 416. 
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The method of preparing fruits, as apples, plumbs,, 

cherries, peaches, and the like, is as follows : 

The fineft and largefl pears, that are foft and not 

floriy, are fitted for this purpofe; fird pare them nicely, 

without fqueezing them, taking care not to hurt the dalk 

or crown ; then put them into a pot of rain or frefh fpring 

water, cover it, and let them boil gently, till they be¬ 

come throughly foft; then take them out, and put them 

into a bafon of cold water, then take out one of them, 

and holding it by the dalk with one hand, and with one 

finger and the thumb of the other hand rub the pulp 

gently off, beginning near the dalk, and rubbing equally 

towards the apex; and you will eafily fee in the water 

how the pulp feparates from the fibres, which being ten¬ 

dered near the extremities, there the greateft care mud 

be taken. No inftrument is of ufe in this operation, ex¬ 

cept lad of all a penknife, to feparate the pulp flicking 

to the core. In order to fee how the operation advances, 

fling away the muddy water from time to time, and pour 

on clean. All being feparated, the fkeleton is to be pre- 

ferved in fpirits of wine; the fame is to be obferved with 

apples, plumbs, peaches, and the like. 

Carrots, and other roots, that have woody fibres, mud 

be boiled without paring, till they grow foft, and the 

pulp comes off; not only feveral forts of roots, but like- 

wife the barks of feveral trees, may be reduced into ike- 

letons, prefenting rare and curious views of vegetables. 

To preferve the fpecimens of plants. 

PRepare two iron plates as large as the fpecimens you 

intend to preferve, let them be pretty thick, and 

very fmooth on each fide, with holes for ferews at each 

comer ; 
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corner; then take your flowers, leaves, &c. when full 

ripe, and of their true colour, fpread them on a browiS 

paper, with the leaves as diftindt as you can ; if the 

flowers are large, more paper muft be laid under them ; 

and if thick you may pare away half thereof, as alfo of 

the Araik fo as to lie flat; then put thefe between the iron 

plates, fcrew them faflr, and fet them in an oven for two 

hours; after which take out the flowers, and with a 

brufh dipped in equal quantities of aqua fortis, and aqua 

vitae, or brandy, pafs over the leaves and flowers; then 

jay them to dry on frefti brown paper, and take the 

quantity of a walnut of gum dragon, which in lefs than 

twenty-four hours v/ill be diffolved in a pint of water, 

and with a brufh rub the back-fides of the leaves and 

flowers to make them flick; then lay them into your 

paper-book, and they will always look frefh g. 

Of charcoal, or burnt vegetables. 

CHarcoal, or a vegetable burnt black, affords an ob¬ 

ject no lefs pleafant than inflrrudtive; for if a final! 

piece of charcoal be fuddenly broke, it will appear to have 

a very fmooth furface, but if examined by the microfcope, 

abundance of pores are difcoverable in many kinds of 

Wood, ranged round the pith both in a circular and a 

radiant order; and moft of thefe fo exceeding fmall, and 

fo clofe to each other, that but a very little fpace is left 

between them to be filled with a folid body. Thefe 

pores, or rather tubes, are fo extreamly fmall, that in a 

jjne of them, one eighteenth part of an inch long, Mr. 

Hook reckoned no lefs than an hundred and fifty, therefore 

in a line an inch long were no lefs tfyan 2700 pores, 

and 

s Phil. Tranf. No, 22-. 
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and in a circular area, or of a flick of an inch diameter, 

are contained 5,725,350 pores or minute tubes h, a num¬ 

ber that to fome perhaps may feem incredible, were they 

not left to the judgment of their own eyes as to the truth 

thereof. In cocus, black and green ebony, lignum vitae, 

&c. thefe perforations are abundantly fmaller than thofe 

of foft light wood; fo prodigioufly curious are the con¬ 

trivances, pipes or fluices, through which the juice of 

vegetables are conveyed. 

To prepare or make charcoal of any kind of 

wood, in order to examine it with the mi- 

crofcope. 

HE body to be charred or coaled may be put into 

JL a crucible, a piece of a mufket barrel, a pot, or 

any other veffel, that will endure to be made red-hot in 

the fire without breaking ; cover it over with fand, fo 

that no part of it be expofed to the open air. Then fet 

it into a good fire, and keep it there till the fand has con¬ 

tinued hot, for a quarter, half, an hour, or two, more 

or lefs, according to the nature and bignefs of the body. 

Then take it out of the fire, and let it lie till the fand be 

very near cold. The wood may be taken out of the fand 

well charred, and cleared of all its watery parts. 

Of the texture of cork. 

IF an exceeding thin flice of cork be cut off with a 

very {harp penknife, or razor, and applied to the mi- 

crofcope, in an ivory flider, or held between the nippers. 

X it 

h Hook’s Mic, p. 10 {. 
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it will appear to be all perforated and porous ; having but 

a little folid fubftance in proportion to the empty cavity, 

as is manifeft on a fight of fig„ 540. Thefe pores are 

not very deep, but confift of many little cells, feparated 

out of one continued long pore, by certain diaphragms i, 
vifible in fig. B, which reprefents them fplit the long 

ways : hence the microfcope informs us, that the light- 

nefs of cork proceeds from its being a very ftnall quantity 

of a folid body, extended into exceeding large dimenfions, 

and alfo why it is a body fo very unapt to fuck in water, 

and confequently to preferve itfelf floating on the top 

thereof, though left on it never fo long, and why it is able 

to confine air in a bottle tho’ confiderably condenfed, and 

preffing very ftrongly to procure a paflfage without admit¬ 

ting the leaft bubble to pafs through its fubftance. As to the 

firft, the microfcope hath informed us that the fubftance of 

cork is filled with air, and that this air is perfectly inclofed 

in little boxes or cells diftimft from each other : this there¬ 

fore makes it very plain, that neither water nor any other 

air can eaftly infinuate itfelf into them, their being already 

within them an intus exiftens k; for this reafon pieces of 

cork are good floats for nets and floppies for vials, &c„ 

and is capable of being compreffed into a twentieth part 

of its ufual dimenfions, and to reftore itfelf to its former1 

ft ate by means of the included air in the before-obferved 

conftituent cells or bladders. Mr. Hook told feveral lines 

of thefe pores, and found that there were generally about 
fixty placed endways in a line of the one eighteenth part 

of an inch long: whence there mull be 1160 in the 

length of an inch, and in a fquare inch 1166400;- there¬ 

fore a cubic inch muft contain 1259712000, a thing 

almoft incredible, did not the microfcope allure us of it 

by ocular demonftration. If you cut off a piece from a 

board of cork tranfverfly to the flat of it, you will as it 
were 

Hook’s Mic. p. 113- k Ibid. p. 113. 
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were fplit the pores, which will appear juft as they are 

reprefented at fig. B, but if a very thin piece be cut off 

parallel to the plane of it, the pores of it will be tranf- 

verfly divided, and will appear as exprefled in fig. A. 

Of a plant growing on the blighted, or yel¬ 

low fpecks of damafk-rofe leaves, bramble 

leaves, &c. 

IT is obfervable that in the months of June, July, 

Auguft, and September, that many of the green leaves 

of rofes begin to dry and grow yellow, but efpecially the 

leaves of the old fhrubs of damafk rofes, are all fpotted 

with yellow ftains, and the under-fides juft againft them 

have little yellow hillocks of a gummy fubftance, and 

feveral of them have fmall black fpots in the midft of 

thofe yellow ones. Upon examining thefe with the mi- 

yrofcope, multitudes of little black bodies like feed-cods 

Were perceived to fpring out of feveral fmall yellow knobs, 

and to be faftned to thefe knobs by a fmall ftraw-coloured 

and tranfparent ftem, many of thofe hillocks were bare 

as if thofe bodies lay yet concealed, at at G, fig. 541. 

In others they were juft fpringing out, as at A; in others, 

as at B, they were juft out, with very little or no ftalk j 

in others, as at C, the ftalks plainly appear; in others, 

and at D, thofe ftems were grown bigger and larger; 

and in others, as E F, &c. thofe ftems and cods were 

grown a great deal bigger, and the ftalks more bulky 

about the root, and very much tapered towards the top : 

as they increafed in bulk they began to turn their tops 

towards their roots, in the fame manner as that of mofs 

is obferved to do. The whole fquare of this figure repre- 

fents a fmall part of a rofe-leaf no bigger than the letter ff. 

X 2 Thefe 



308 Of Mmldmfi arifwg from PutrefaUhn. 

Thefe kind of vegetable fprouts are to be found on 

federal kinds of rofe-Ifaves, and on the leaves of divers 

forts of briars, and on bramble leaves in fuch clufcers, 

that three or four hundred of them make a confpicuous 

black fpofc or fcab on the backfide of the leaf. 

Of aiouldinefs, or the principals of vegetation 

arifing from putrefadion. 

MR. Leeuwenhoek obierves, that mouldinefs on 

fkin, fiefh, or other things, {hoots up firft with a 

{freight tranfparent ftalk, in which a globular fubftance 

rifes that commonly fettles at the top of the ftalk, and is 

followed by another globule driving out the firft either on 

the fide or at the top, and that again is fucceeded by a 

third, &c. all which form on the ftalk one great knob, 

much thicker than the ftalk itfelf and this large knob 

burfting afunder reprefents a kind of bloffoms with leavesl. 

The blue, white, and feveral kinds of hairy mouldy 

foots that are obfervable on divers kinds of putrefied 

bodies, whether animal or vegetable fubftances, fuch as 

the Ikio, raw ®r dreffed flefh, blood, humours, milk, 

ch-eefe. or rotten fappy wooo, heios, leaves, barks, 

roots, he, are a kind of fmall but varioufly figured mufli- 

lootns; a fpecimen of which is reprefented at fig. 542. 

which is nothing elfe but the microfcopic appearance of 

a fmall white foot of hairy mould found upon the covers 

of a book that was bound in iheep’s fkin. Thefe lpots 

appeared through the microfcope to be a very pretty Craped 

vegetative body, which ihot out multitudes of long and 

ftender cylindrical Calks, not exactly ftreight, but bent 

with the. weight of a round white knob growing upon the 

top, 

* Phil. Tranf. No, 94, 
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top of each ns at A A A; others a little oblong as .at B, 

others a little broken as at C, and others that were burfb 

afunder forming a kind of bloffoms with leaves, as at D, 

Of rnofs, Sec, 

Moss is a plant no lefs worthy a mlcrofcopic con- 

fideration tlian the moll elegant plant that grows, 

and for its fhape and beaut/ may be compared with any 

other. It has a root almofl like a (eedy par/nip, firt* 543* 

fumifhed with fmall firings and fuckers, all of them being 

as curioufly branched as the roo‘s of much bigger vege¬ 

tables ; from this fprings the idem or body of the plant, 

which is finely creafed or fluted ; on the hides of this are 

clofe and thickly fet a multitude of well fliaped leaves, 

fome of them of a roundifh, others of a longer fhape; all 

the furface on each fide the leaf is curioufly covered with 

a multitude of little oblong tranfparerit bodies, as at D, 

fig. 546. From the tops of the leaves proceeds a trans¬ 

parent hair or thorn; the ftem (hoots out into a long 

round flalk, which on cutting is found to be hollow 

without any knot or flop, from its bottom where the 

leaves encompafs it, to the top on which grows a large 

feed-cafe A, covered with a thin and more whitifn (kin 

hg- 544* terminated in a long thorny top, which at 

full covers all the cafe, and by degrees, as that fwells, 

the fkin cleaves, and at laffc falls off together with its 

thorny top, leaving the feed-cafe to ripen, and fcatter its 

feed, at a place underneath this cap B, which before the 

feed is ripe appears like a fluted metal button, without 

any hole in the middle; but, as it ripens, the button 

grows bigger, and a hole appears in the middle of it E, 

%* 545* out °f which, in all probability, the feed falls ; 

for as it ripens by the provifion of nature that end of this 

- X 3 cafe 
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cafe turns downwards. On opening feveral of thefe dry 

red cafes F, they were found to be quite hollow ; where¬ 

as when they were cut afunder with a fliarp penknife 

when green, in the middle of this great cafe was found 

another fmall round cafe, the interfaces between the two 

cafes being filled with multitudes of ftringy fibres which 

feemed to fufpend the lefler cafe in the middle of the 

Other, in which without doubt the feeds were contained; 

it grows on the rotten parts of ftone, bricks, wood, 

bones, leather, &c. 

This fir. all vegetable is wanting in nothing of the 

perfections of the moft confpicuous vegetables of the 

world, and deferves to be ranged in as high a ftate; 

for we do not know but that all the contrivances and 

mechanifm requifite to a perfect vegetable, are crowded 

into exceedingly lefs room than this of mofs; for that 

plant already defcribed, which grows on rofe-leaves, is 

fo exceeding fmall that near a thoufand of them would 

hardly make the bignefs of one fingle plant of mofs ; and 

by comparing the bulk of the latter to that of the biggeft 

vegetable (fome trees being, as we are informed, near 

twenty foot in diameter in Guinea and Brazil) whereas 

the body or ftem of mofs is generally not above one 

fixtieth part of an inch, we fhall find that the bulk 

of one will exceed that of the other, no lefs than 

2985,984,000,000; and fuppofing the production of the 

rofe-leaf to be a plant, thofe Indian plants will exceed it a 

thoufand times the former number, fo prodigioufly various 

are the works of the Creator, and fo all-fufficient is he 

in his performance of things which to man would feem 

impoffible. 

Of 
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Of the Beard of a wild Out. a11 

Of fponge. 

TH E microfcope hath fhewn us, that fponge is com- 

pofed of an infinite number of fmall and (hort 

fibres, curioufly joined together in the form of a net, as 

appears by fig. 547. which reprefents a piece of fponge as 

it appeared before the microfcope, wherein may be feen 

the joints w'hich for the moft part are where only three 

fibres meet together, the length of each between the joints 

is very irregular, the diftance between fome two joints 

being ten or twelve times more than between others. 

The mafiies likewife of this reticulated body are alfo 

various, fome bilateral, others trilateral, and quadrila¬ 

teral figures, &c. 

Of the beard of a wild oat. 
f TH E beard of a wfild oat is a body of a very curious 

ftrudture j it grows out of the fide of the inner 

hulk that covers the grain of a wild oat. Its whole 

length when extended does not exceed an inch and a half. 
O 

When the grain is ripe and very dry, which is ufually in 

the months of July and Auguft, the beard is bent aim oft 

to a right angle, and its under part is wreathed and very 

brittle. 

If you take one of thefe grains and wet the beard in 

water, the fmall bended top will prefently turn and move 

round, and by degrees, if it be continued wet enough, 

the joint or knee will ftreighten itfelf, and if it be fuf- 

fered to dry again, it will gradually bend into its former 

pofture. Its appearance in the microfcope is reprefented 

by fig. 548. which (hews part of the beard at the knee or 

X 4 bend. 
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bend. Its whole furface is adorned with little'channels 

and interjacent ridges, which run the whole length of 

the beard, and are ftreight where the beard is not twilled, 

and wreathed where it is, being thickly fet with fmall 

bridles; in the wreathed part was two very confpicuous 

channels, which feemed to divide the wreathed cylinder 

into two parts, a bigger and a lefs, the biggefl at the 

convex fide of the knee; thefe clefts are filled with a 

kind of fpongy fubflance, very confpicuous near the 

knee. 

This odly conflituted vegetable is fometimes ufed, as 

an hygrometer m, to difcover the various conflitutions in 

the moiflure and drynefs of the air 5 and this it does to 

admiration. 

Of falts. 

UNDER the denomination of fait, is to be under¬ 

flood mofl of that which gives folidity to bodies, 

is difiolvable in water, and affects the tafle with a peculiar 

pungency. There are three diflinCt forts which generally 

pais under this name, the fixed, volatile, and the effen- 

tial: the fixed is what remains after calcination, and is 

procured by diffolving the faline parts pf the afhes in hot 

water, and evaporating it until the fait is left dry at the 

bottom; for that will not rife in vapours. The volatile 

is what eafily paffes over the helm, as the falts of animals. 

The effential fait is that which is obtained by chrifliliza- 

tion from the juices of plants, and is of a nature between 

the other two, and may mcft properly be termed effential, 

having no force ufed in its production. 

If 

m If the reader is defirous of one of thefe Hygrometers, he 

may be furnilhed with them at my fhop, &c. 
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Of Salts, 

If there be In a Uriel fenfe any fuch thing as a prin¬ 

cipal, fait is fo; but then it muft be termed foilil fait, 

or fal cremma; for this not only appears to be the plain 

production of nature, but to the molt homogenous and 

uncompounded part nature can be divided into. 

Its firfl: appearance is in fprings and rivers, being wafhed 

into them by fubterraneous currents ; thence by the fun 

it is in fome meafure exhaled by vapours; from whence 

it again returns, in fnow, hail, and dews (for common 

.rain-water does not feem to partake of it;) from this 

return the furface of the globe is faturated with it; 

whence it re-afeends in the juices of vegetables, and 

enters into all thofe productions, as food and nourifhment 

which the creation fupplies. 

fo extract vegetable falts. 

BURN any fort of herb, flower, fruit, wood, or 

whatever it be, and make allies thereof; with the 

allies and pure water in its natural temper, make lee; 

which afterwards {train through moift paper or a Alter, f& 

that it may become as clear as poflible; then put the lee 

into a glafs veflel, and let it remain in balneo mafias, 

until a great part of it evaporates ; the quantity of water 

is not determined, generally five pounds of water will 

extract all the fait from two pounds of afnes; falts ex- 

traded in this manner, are wont to melt when the air is 

foft; to prevent which, when you burn the materials, in 

order to reduce them to afhes, it is requifite to ufe with 

them a proper quantity of fulphur; and if it happens that 

the afhes are made to your hand, you may mix them with 

fulphur, and keep the fame at the fire, till fuch time as 

it be burnt j by this means the fait will never come to 

run. 
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run, but become more white and cryftallme. There m 

mo general rules for the quantity of fulphur to be put 

into the materials you thus burn, but at a guefs, to one 

hundred pounds of material, four or five ounces of fulphur 

is ufually fufficient. All falts have a peculiar and deter¬ 

mined figure, which they always keep, although they are 

often refolved into water, and afterwards congealed ; yet 

notwithftanding fome forts of falts are obferved to have 

two, three, and four forts of figures. Two forts have 

been feen in lettice, in the fcorzoneras, in the mufk- 

roekrn, the fcopa, in the roots of efula, in the black hel¬ 

lebore, in endive, eye-bright, wormwood, forrel, and in 

iftoots of vines 5 three forts in black pepper, and in incar¬ 

nate rofes, four forts in white hellebore. Befides the 

above-mentioned diverfity of figures which are found in 

falts, it is obfervable, that amongft all falts, of what fi» 

gure foever, there are found fome cubical, which though 

they be never fo often difiolved and congealed, appear ftili 

®f a cubical figure, or inclining to it. To make the 

bodies of the falts when they congeal, remain diftindt 

from each other, that their figure may be obferved, and 

not be entangled and heaped together, it is neceffary, 

that very great diligence be ufed in evaporating the lee } 

for if that he wholly evaporated, or too great a part 

thereof, the falts make a ccnfufed cruft at the bottom of 

the vefiel; if the lees are left too weak, the falts require 

a very long time to congeal, and therefore it is requifite 

to ufe fuch diligence as is not to be gained without long 

practice. 

Cryftals of falts are fuch a combination of faline par¬ 

ticles, as referable the form of a cryftal, varioufiv modi¬ 

fied, according to the nature and texture of falts. 

The method herein ufed is this, diffolve the faline body 

in water, after which filter the folution, which being 



Of Salts. 315 

evaporated until a little film appears upon it, runs into 

cryftal. Diflolution and filtration are made ufe of, that 

the falts may be purged from all drofs ; otherwife if any 

foreign matter fhould get in, not only the tranfparency 

of the cryftals would be impaired, but their figure alfo 

would be mangled and broken. 

Of the figures of falts. 

IT is generally agreed, that all bodies have their falts, 

which produce many furprifing changes, by their dif¬ 

ferent configurations and impreflions, both in folids and 

fluids, in things animate and inanimate. As to the figures 

of them, they are obvious to every beholder; their beauty 

and variety are fo admirable, that fcarce any thing in na¬ 

ture can entertain the eye more agreeably than thefe do, 

when it is aflifted with a good microfcope. 

In common fait, we plainly difcover quadrilateral 

pyramids with fquare bafes. In fugar, the fame pyramids 

with oblong and rectangular bafes. In allum, they rife 

with fix fides, fupported with an hexagonal bafe. The 

cryftals of vitriols, referable icicles, united one to another 

with great variety, among which lie fome polygons. Sal- 

armoniac very elegantly imitates the branches of a tree; 

and hart’s-horn looks like a quiver of arrows; Glauber’s 

fal mirabilis, which is made of common fait and vitriol, 

exhibits the figure of both falts. Nitre appears in certain 

prifmatic columns, not much unlike bundles of flicks; 

among which there are interfperfed fome of a rhomboidal, 

and pentagonal figure, which feem to come very near 

thofe of common fait. Hence Lemery very juftly re¬ 

marked, that nitre could not be purified by any art or 

contrivance whatfoever, but fomething of a fal gem, or 

foffil 
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faffil fait, would flick to it 3 but fait of tin out-does sfi 

for beauty, in which are lines like little needles, that 

f'pread themfelves every where from a point, as from a 

center, fo as to reprefent a ftar, much like what we fee 

In the regains of Mars. 

Salts have this peculiar property, that let them be ever 

fo divided and -reduced into minute particles, yet when 

they are formed into cryftals, they each of them re-ailume 

their proper fhape 3 fo that they may be as eafily divefted 

and deprived of their faltnefs, as of their figure. 'Whence 

By knowing the figure of the cryftals, we may under- 

Hand what the texture of the particles ought to be, which 

can form thefe cryftals. And by knowing the texture of 

the particles, we may determine the figures of the cry- 

fitals. For fmee the figures of the moft fimple parts remain 

always the fame, it is evident the figures which they run 

Into, when compounded and united, mu ft be uniform and 

eon ft ant. 

Efiential falts are made by exprefling the juice of any 

plant, and fetting it in a cellar to fhoot 3 which fome do 

in fmall quantities. 

Fixed falts are made as follows : 

Take any plant, and bum it on a clean hearth, and 

rake the afhes as long as any fire appears among them ; 

put thofe allies into an unglazed pan, which fet in a cal¬ 

cining furnace, make fire about it till the pan is red-hot j 

where keep it, continually ftirring the afhes without any 

blacknefs. Then put them into a clean pan, and pour 

hot water upon them 3 when that water is fuiftdently 

impregnated with fait, filter it, and evaporate to a drynefs, 

until the afhes are left infipid. 

The falts of metals or minerals are to be come at by 

quenching them, when red hot, in water, then filtering, 

evaporating, and cryftallizing. 

if 



On finking Fire with a Flint and Steel, g i y 

If album be burnt, diffolved in water, and {brained, its 

crydals will confift of two fexangular planes, whofe fides 

are bounded by fix other, three of which are quadrila¬ 

teral, having between them three of a fexangular figure.; 

as at fig. 548- 

Green vitriol affords crydals, which are made up of 

ten unequal Tided planes, the middle-moft are pentagons, 

and each of its {harp ends triangular planes; as at 

% 549- 
The crydals of our inland falt-fiprings are of a cubical 

figure, as at fig. 550. 

Salt-petre {hoots into long crydals, whofe fides are fir 

parallelograms ; as at fig. 5 Ji¬ 

lt has been already mentioned, that vinegar owes its 

pungency to the falts which float therein ; their fhape k 

fecn at fig. 552. Expole a drop or two of vinegar to 

the open air for an hour or two upon the obje<ff-carrying 

giafs, that its watery parts may evaporate; then apply 

it to the microfcope. 

The falts of fugar candyed, are reprefented at fig. 55 y 

The fairs of nitre are feen at fig. 554. The falts of cam- 

phi re, at fig- 555. Sal gem is reprefented at fig. j.jfk 

and fill armoniack at fig. 557. 

It is bed: to examine all falts in the {mailed maffes3 for 

in them their fhape will be bed dificovered. 

On finking fire with a Hint and flee!, &c« 

ON driking fire with a flint againd a deel, little 

particles of deel are druck of, and melted into 

globules by the collifion; which will be evident .on 

Threading a fheet of white paper, and obferving the place 

v/here feveral of thefe little fparks feem to vanifh. Mr. 

Hook 
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Hook examined feveral of them with a micro fcope, and 

found that a black particle, no bigger than a pin’s point, 

appeared like a ball of polifhed fteel, as at fig. 558. and 

ftrongly reflected the image of the window, and of a 

flick which he moved up and down between the light 

and it. Others were, as to their bulk, pretty round, 

but their furface not fo fmooth; fome were cracked, as 

fig. 559. others broke in two, and hollow, as fig. 561. 

feveral others were found of other fhapes ; but that re- 

prefented at fig. 560. was obferved to be a big fpark of 

fire, and ftuck to the flint, by the root F, at the end of 

which Hem was fattened an hemifphere, or hollow ball. 

It is alfo remarkable, that fome of thefe fparks are flivers, 

or chips of iron vitrified, others are only the flivers melted 

into balls, without vitrification n, and the third kind are 

only finall flivers of the iron, made red-hot with the 

violence of the ftroke given on the fteel by the flint. 

Many forts of fand, fome gathered on the fea-fhore, 

or on the fides of rivers, and fome found on the land, 

differ irv the fize, form, and colour of their grains, fome' 

being tranfparent, others opake, fome have rough, and 

others quite fmooth furfaces. It would be endlefs to de¬ 

scribe all the figures to be met with in thefe kind of mi¬ 

nute bodies, they being fpherical, oval, pyramidal, co¬ 

nical, prifmatical, &c. Mr. Hook trying feveral magni¬ 

fying glaffes, by viewing a parcel of white fand, cafually 

hit upon one of the grains, which was exactly fhaped and 

wreathed like a Shell, which he feparated from the reft 

of the granules, and found it to appear to the naked eye 

no bigger than a pin’s point, but when viewed in the 

microfcope, it appeared as in fig. 562. refembling the 

Shell of a fmall water fnail 0 3 it had twelve wreathings, 

growing all proportionably one lefs than the other, to¬ 

wards 

n Hook’s Mic. p. 44. f Ibid. p. 80. 



Of Mercurial Powders. 

wards the middle or center of the faell, where there 

was a very fmall round white fpot. In this minute (hell 

we have a very good inftance of the curiofity of nature, 

in another kind of animals, removed by their fmallnefs 

beyond the reach of the naked eye; and as there are 

feveral forts of infedls and vegetables, fo fmall as to have 

had no names ; fo likewife by this, we find there are 

alfo exceeding fmall, or rather minute fhell-fifh. Nature, 

by the afliftance of the microfcope, having (hewn to us 

her curioilties, in every tribe of animals, vegetables, 

and minerals. 

Of fmall diamonds or {parks in dint. 

Flint (tone being broke in pieces, the infide cavity 

1~\- of it appeared to be crufted all over with a pretty- 

candid fubfkmce, reflecting the light from fome of its 

parts very vividly ; but on examining it with the raicro- 

fcope, the whole furface of that cavity could be perceived 

to be befet with a multitude of little cryfralline or ada¬ 

mantine bodies, curioufly fhaped, as at B, fig. 563. and 

afforded a very agreeable object. 

An atom, or globule of quickfilver, when placed be¬ 

fore the microfcope, feems like a -convex mirrour, in 

which may be feen all the circumambient bodies j as the 

windows, trees, and furniture, See. 

Of mercurial powders. Sec, 

IN thofe chymical preparations of mercury, which is 

called turbith mineral, mercurius vitae, dulcis, fubli- 

mate, precipitate, and mercury cofmetical, calomel, and 

all other mercurial powders, are found, when examined 

by 
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by the microfcope, to be full of minute globules of crude 

and unaltered mercury; which fhews, that thofe chy- 

mical preparations are not fo purely exalted and prepared 

as they are prefumed to be, nor the mercury any way 

tranfmuted, but by an atomical divifion rendered in- 

fenfible- 

The nature of fnow. 

s 
ANY of the parts of fnow are for the mod: part 

J.VJL of a regular figure, and as it were fo many rowels 

or ftars with fix points, and are as perfect and tranfparent 

ice 9 as any we fee on a pool of water; at each of thefe 

fix points are fet other collateral points, and thefe always 

at the fame angles with the principal points themfelves ; 

tliat amongft thefe, many others alike regular, but far 

fmaller, may be difcovered; there are alfo fome others, 

which feem to have loft their regularity, by various winds, 

being fir ft gently thawed, and then frozen again into 

irregular mafies ; from all which, fnow feems to be an 

infinite number of icicles, regularly figured, not only in 

fome few parts thereof, but originally in the whole body 

of it ; not fo much as one particle of fo many millions 

being originally indeterminate or irregular; that is, a 

cloud of vapours being gathered into drops, do forthwith 

defcend ; in which defcent, meeting with a freezing wind, 

or at leaft palling through a colder region of the air, each 

drop is immediately frozen into an icicle, fhooting itfelf 

into points or icicles on all fides from the center; but 

ftill continuing their defcent, and meeting with warmer 

air, fome are thawed and blunted, others broken, but 

the greateft number cling together in feverai parcels, and 

form 

p Phil, Tranf, No. 92, 
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The Nature of Snow, &c. 321 

form what we call flakes of fnow; hence we underftand 

why fnow, though it feems to be foft, is really hard, be- 

caufe it is a real ice, whofe infeparable property is to be 

hard, its foftnefs being only apparent. The firft touch 

of the finger upon any of its (harp edges or points in- 

ftantly thawrs them, otherwife they would pierce the fin¬ 

gers like fo many lancets ; and hence alfo why fnow, 

though a real ice, and fo denfe and hard a body is not- 

withftanding very light, which is the extream thinnefs 

of each icicle in refpedt of its breadth: hence it alfo ap¬ 

pears, why fnow is white, becaufe it confifts of parts, 

each of which fingly is tranfparent, but mixed together, 

appear white, as the parts of froth, glafs, ice, and other 

tranfparent bodies, whether foft or hard. 

A B C D E F, fig. 564. reprefents a few of an infinite 

variety of curious figures that are to be cbferved in fnow j 

in which it was obfervable, that if they were of any 

regular figures, they were always branched out with fix 

principal branches, of equal length and fhape. As thefe 

Items were for the moft part of the fame make in one 

flake, fo were they in differently figured flakes, very dif¬ 

ferent 5 but this was conftantly cbferved, that what¬ 

ever figure one of the branches were of, the reft were ex¬ 

actly the fame* 

Y Artificial 



32 2. Artificial things. 

Artificial things, 

TH E point of an exceeding fmall needle appeared?, 

when greatly magnified, like fig. 565. neither round 

nor flat, but very irregular, and though to the naked eye it 

was very fmooth and {harp, yet, upon this examination, 

it appeared to be full of holes * and fcratches; fo unac- 

curate is human art in all its productions, even in thefe 

which feem to be the moft neat, that if examined with 

an organ more accurate than that by which they were 

made, the more we fee of theiF fbape, the lefs appearance 

will there be of their beauty; whereas in the works of 

nature, the deepeft difcoveries {hew us the greateft ex¬ 

cellencies ; for in the fting of a gnat, or a bee, the pro- 

bofcis of a butterfly, or flea, they appear, when examined' 

by the microfcope, to be formed with the moft furprifing 

beauty, exquifite workmanfhip, and an exadl regularity 

of, and likenefs in parts is preferved in each particular of 

every fpecies; an evident argument, that he who was-, 

and is the author of all thefe things, is no other than 

Omnipotent j being able to include as great a variety of 

parts and contrivances in the moft minute point, as in 

the largeft body. 

Fig. 566. reprefents a very fmall dot, tittle, or point, 

that is generally the mark of a full flop or period. Amongft 

multitudes that were obferved by the microfcope, few 

could be found fo round and even as this here delineated r, 

but when greatly magnified, it appeared to be rough, 

jagged, and uneven all about its edges, and very far from 

being truly round, as at fig. 567. the moft curious and 

fmoothly 

q Hook’s Mic. p. 2. • Hook’s Mic. p. 2. 
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ftnoothly Engraved ftrokes and points, when examined by 

the microfcope, look but like fo many furrows and holes; 

and their printed impreflions, but like fmutty daubings 

on a mat, or uneven floor, made with a blunt extinguifhed 

brand. Several pieces of fmall writing, reckoned very 

curious of their kind, Cine of which in the breadth of a 

filver two-pence, comprized the Lord’s prayer, the apoftles 

creed, the ten commandments* and about fix verfes be- 

fides out of the bible, being examined by the microfcope* 

fhewed what the writer had afferted was true, but withal 

difcovered it to be compofed of as fhapelefs, barbarous, 

and uncouth letters, as if written in Arabian and Chinefe 

characters. 

A part of the edge of a very keen razor was fo placed 

between the microfcope, and the light, that there appeared 

a reflection from the very edges, and was perceived to be 

lharper in fome places than in others, indented at others, 

broader and thicker at others, and unequal and rugged ; 

that part of the edge which is polifhed by the hone, ap¬ 

peared to be prodigioufly full of fcratches, croffing each 

other every way; befides it had feveral deep furrows. 

That part of the razor which was polifhed upon the 

Wheel, looked almoft as rough as a plowed field 3. 

Mr. Leeuwenhoek caufed himfelf to be fhaved with the 

(harpeft razor he could pick cut of five by the help of a 

magnifying glafs. At firft it was very foft and eafy, but 

at laft it grew fo painful he could not endure it, and 

upon viewing it with his microfcope, he found in it many 

more notches than at firft. In another he found little 

holes in fix feveral places near the edge. He wafhed the 

back of his hand with plain water, and then with this 

fame razor fcraped cff the little hairs, and on obferving 

Y 2 the 

♦ 

s Hook’s Mtc. p. 4, 
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the razor again, found that thofe little holes were burned 

into notches, and that feveral pieces of the razor were 

broken out. From whence it appears, that if the razor 

be too foft, it yields to the hairs, if too hard, the hak 

caufes feveral notches in it. In fhort when we obferve 

through a microfcope the feveral notches there are in the 

fineft razor, it is furprifing how any of them can cut 

fo well K 

Fig. 568-. represents a piece of exceeding fine lawn, as 

it appeared through the microfcope, which from the great 

diitances between its threads, appears like a lattice, and 

the threads themfelves feem coarfer than rope-yarn. 

Fig. 569. exhibits a microfcopic appearance of a very 

fine piece t>f ribband, its appearance is not much unlike 

that fubftance of which door-mats are made. If the filk 

be white,, each thread appears like a bundle or wreath ©f 

tranfparent cylinders ; if coloured, they appear eurioufiy 

tinged, each of which affording in fome part or other a 

vivid reflection, in fo much, that the reflection of red 

appeared as if coming from fo many garnets or rubies. 

Hence it is evident, that there are but few artificial 

things worth obferving with a microfcope, for which 

reafon I fhall conclude here 5 the productions of art being 

fuch rude mifhapen things, that when viewed with a 

microfcope, we can obferve very little in them but their 

deformity. The moft curious carvings, appear no better 

than thofe rude Ruffian images mentioned by Purehas j. 

where three notches at the end of a flick flood for a 

face : and the moft fmocth and poliihed fur faces that we 

can poffibly meet with, appear rough and uneven. There¬ 

fore why ftiould we endeavour to find beauties in things 

which were defigned for no higher ufe than to be viewed 

by 

5 Phil. Tranf. No. 273. 
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Artificial Things. 3 15 

by our naked eye ? but only that we may fee the defeats 

■of human art, when compared to thofe of nature, in 

whofe forms there are fomething fo furprizingly fmall 

and curious, and their deflgned bulinefs fo far removed 

beyond the reach of our natural fight, that the more we 

magnify thofe minute objects, the more excellencies and 

myfteries appear; and the more we are enabled to dif- 

cover the weaknefs of our own fenfes, as well as the 

Omnipotency and infinite Perfections of the Great 

Creator, 

FINIS. 
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Mathematical, Philofophical, and Optical 

INSTRUMENTS, 

Made under the Infpedtion and Direction of 
GEORGE ADAMS, Mathematical In- 
flrument Maker to his Majefty George 
the Illd. 

At the Sign of Tycho Brahe’s Head, No. do. in 
Fleet-Street, London. 

Where Gentlemen, Ladies, and Merchants, &c. may be 
fupplied, with Inftruments which are invented, and im¬ 
proved by him, as well as with thofe contrived by the 
ableft Mathematicians in Europe. THE ftudy of the mathematicks being 

now become a neceffary part of every 
gentleman’s education, we need not won¬ 

der at the great progrefs which this fcience has, 
of late years, made in molt parts of Europe *, 
fince it contains fuch an inexhauftible fund of 
ufeful knowledge, as is fufficient to gratify every 
tafte, and employ every talent. The nobleft get 
nius may, in the purfuit of it, exert his utmoft 
faculties; and the meaneft will not fail of finding 
fomething that is within his reach. The theory 
affords an ample field to the fpeculative part of 
mankind, and the practice is productive of feveral 
advantages to men of aCtion and bufmefs. 

Mathematical 
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Mathematical inftruments are the means by 
which thole noble fciences, geometry, philofophy, 
aftronomy and opticks, are rendered ufeful in all 
the common and neceffary occurrences of human 
life. By their afftftance an abftradled and unpro¬ 
fitable [peculation, is made beneficial in a thoufand 
inftances: in a word, they not only enable us to 
connect theory with practice, but alfo inftruff us 
how to turn bare contemplation, into the moft 
fubftantial ufe, by making one of the moft fervice- 
able branches of learning, the natural way of ren¬ 
dering this knowledge general and diffufive. 

The knowledge of thefe leads to that of prac¬ 
tical mathematicks, and experimental philofophy ; 
fo that the ufes of mathematical and philofophical 
inftruments, make perhaps one of the moft fer- 
viceable branches of learning in the whole world ; 
and the natural way, therefore, of rendering this 
knowledge general and diffufive, is by making 
that of its inftruments fo. 

As practical mathematicks, and experimental 
philofophy, teach us the powers of nature, the 
properties of natural bodies, and their mutual ac¬ 
tions on one another ^ this knowledge cannot be 
attained without inftruments, and the conclufions 
and proofs we expecl from it, depend very much 
upon their exadfncfs. In order therefore to give a 
fufficient fatisfadlion to thofe who honour me with 
their cuftom, it is my particular and greateft aim 
to produce fuch inftruments as may facilitate the 
progrefs of mathematical and philofophical learn¬ 
ing. 

In all my performances I endeavour not to aug¬ 
ment the inftruments with fuperfluoiis ornaments, 
that they may be of frequent ufe to thole of mid¬ 
dling fortunes, and alfo that their neatnefs may 

render 
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render them not unworthy of a place in the cabi¬ 
nets of the curious. 

That their exaftnefs may be particularly attend¬ 
ed to, I always infpedt and direbt the feveral pieces 
myfelf, fee them all combined in my own houfe, 
and finifh the moft curious parts thereof with my 
own hands. That the conftrudion may be as fim- 
ple and fubftantial as the ufe of each inftrument 
will admit, it is my conftant ftudy to contrive 
them in l’uch a manner that they may be managed 
with the greateft eale. I alfo have refpect to their 
being made applicable to feveral operations, efpe- 
cially when the extent of their ufes does not pre¬ 
judice their fimplicity, to the end that inftruments 
may not be multiplied without necefiity. 

In the following catalogue I have ranged the 
inftruments in claffes under the heads of their fe¬ 
veral branches, and have numbered each particular 
inftrumenr, fo that if a gentleman is aefirous of 
any one or more of them,' and is at any diftance 
from London, he need only fend me the numbers 
adjoining to thofe he intends to purchafe, and he 
fnali be ferved with fidelity, and at the lowefl 
prices. 

Inftruments for Geometry, Drawing, &c. 

VAriety of pocket cafes of drawing inftruments, 
in filver, brais, ivory, or v/ood, from 10s. 

6d. to 5I. 5s. Thefe contain more or Ids of the 
following articles, which limit their price, 

i Plain compaftes for meafuring lines, &c. 
2 Drawing compaftes, with moveabie points, 

viz. an ink point for fweeping circles, or 
arches of any determinate tkicknefs, and 
a black lead point. 

3. Drawing 
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3 Drawing pens, either with or without a pro- 
trailing pin. 

4 Sectors, for finding proportions between quan¬ 
tities of the fame kind, as between lines and 
lines, furfaces and furfaces, &c. either of 
box, ivory, brafs, filver, &c. 

5 Plain fcales, or. 
6 Square protractors, or, 
7 Parallel Rules, are 
8 Semicircle protractors, of brafs. 

In the belt cafes, the compafies are always 
made with fteel joints, and the knibs of all 
the pens are made to open with a joint, in 
order to clean them, in which are alfo fome- 
times put, 

9 Hair compafies, fo contrived on the infide of 
one of the legs, that an extent may be taken 
to an hair’s breadth. 

iq Circular (or bow) compafies, with which a 
circle as fmall as a pin’s head may be defcri- 
bed. 

In a magazine cafe of drawing inftruments, 
is generally contain’d all the above infiru- 
ments, together with the following particu- 
culars, 

11 Drawing compafies, with moveable legs lon¬ 
ger than thole of No. 2. 

12 Strong compafies, with calliper and cutting 
points. 

13 Beam compafies, for drawing larger circles, 
and taking larger extents. 

14 Proportionable compafies, for the ready dimi- 
nififing plans or drawings, in any afiigned 
proportion. 

15 12 Inch Brafs Sectors, of a new conftruCtion, 
16 Triangular compafies, for transferring three 

points 
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points at once, from a map or any drawing to 
another copy. 

17 A pointrel and feeder, having at its upper end 
an oval plate for clearing the drawing pen of 
any dirt or grit that may happen between the 
knibs, and in the middle thereof is a protrac¬ 
ting pin. 

18 Elliptical compares, for defcribing ellipfis of 
various excentricities. 

19 Bows, for drawing curved lines. 
20 Port craiyons. 

Sometimes thefe are all 
made in one inftrument. t'j n \ lUflUu lu V/iJL 

23 Protractors. ) 
24 Plain and parallel rules, of feveral fizes. 
25 Ivory pallates for Indian ink and colours. 
26 Gunners callippers. 
27 The regular folids, or platonick bodies cut in 

wood. 
28 Cylinder bifedted. 
29 Cones with all their proper fedlions. 
30 Flat plates, for defcribing the conic fedlions 

upon paper, defigned for thofe who are 
ftudying that branch of fcience. 

In thefe magazine cafes, gentlemen may 
have what number of inftruments they think 
proper. 

Rules of all forts, for meafuring of timber, 
Hone, painting, brick-work, at the ufu- 
3! prices. 
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Surveying Inftruments, &c. 
t 

31 1PJLAIN tables, with an index and fights, 
JL whereby the draught or plan is taken on 
the fpot, without any future protra&ion, hav¬ 
ing a compafs fitted to one of its fides, and 
the whole fixed upon a ball foeket, with a 
three legg’d ftaff, upon which it may be 
turn’d round, or fatten'd with a fcrew, as 
oceafion requires. 

32 Beighton’s plain tables, with an index, whereby 
the line of fights is always over the center of 
the table, the ftation lines drawn parallel to 
thole meafured on the land ; and the table fet 
horizontal by a fpirit level. In this table the 
papers being fquare, are readily laid together 
and compole the whole furvey in one view. 

Theodolites for meafuring angles, diftan- 
ces, altitudes, &c. Thofe inftruments are 
made various ways, fome being more fimple 
and portable, others more accurate and expe¬ 
ditious. 

33 The plain theodolite, which confifts of four 
plain fights, two fattened to the limb, and 
two on the ends of the index, with a com¬ 
pafs on the index plate, divided into degrees, 
and the limb fubdivided into minutes by a 
nonius divifion, the whole fitted on a ball 
and foeket, and that placed upon a three- 
leggkl ftaff. 

34 Theodolites, with all the above particulars, 
and the addition of a telelcope. 

35 Theodolites of the lateft improvement, being 
the moft accurate inftrument yet invented for 
furveying land, which may be ill truly hori¬ 

zontal. 
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iontal, by parallel plates and fcrews. On 
the index, and over the compafs-box is fixed 
a double fextant, which moves exadtly in a 
vertical circle, with a fpirit level, and over 
that a telefcope, fo contrived, that when the 
bubble refts in the middle of the fpirit tube, 
the interfedtion of the hairs in the telefcope 
will cut an exadt level. The double fextant is 
divided in fuch a manner as to fhew on one 
fide thereof the degrees and minutes of any 
altitude or depreffion within the extent of its 
divifions. On the other fide are divifions for 
taking the height of timber Handing in feet ; 
and on the limb, there are alfo divifions for 
meafuring its breadth. It mud be alfo ob~ 
ferved here, that both horizontal and vertical 
angles are obferved at the fame time, which 
is extremely ufeful in laying down plots, 
when the hypothenufa! are to be reduced to 
horizontal lines ; when the telefcope is direct¬ 
ed to any objedt, the whole inftrument is 
fixed in fo firm a manner, that on directing 
the telefcope to the next, the limb remains 
entirely ftedfafl, which in other inflruments 
of this fort, is very difficult to be effected. 

36 Circumferentors, the principal furveying in¬ 
ftrument ufed in the Weft Indies. It is verv * » • * 
fimple, yet expeditious in the pradtice, and 
conffts only of a bra'fs circle, with a compafs 
divided into 360 degrees, on the center of 
which is fufpended a magnetic needle, and 
an index, on whofe extremities are two fights; 
the whole is mounted on a flaff, and fome- 
times for conveniency, on a ball and focket. 

37 Gunters, or four pole chains. 
38 Air levels which fhew the line of level, by 

means of a bubble of air and fpirits of wine 
.hermetically 
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hermetically inclofed within a glafs tube for 
the pocket. 

39 Air levels, with telefcope lights, mounted on 
a three-legg’d ftaff; they have a particular 
contrivance, by which they may be adjufted 
(if put out of order) to a true level at any 
one ftation. 

40 Gunners levels, generally called perpendicu* 
lars. 

41 Levelling Haves 
42 Plotting fcales, 
43 Feather edged fcales. 
44 Pantographers, for reducing, or enlarging, or 

copying plans of furveys, pictures of any 
kind, and reducing fhadows of the human 
lide face, and this without any previous ha^ 
bit of drawing. 

45 Pedometers to meafure the way in walking. 
46 Perambulators, way-wifers, or meafuring- 

wheels, ditto for coaches. 
47 Major General Williamfon’s new inftrument 

for elevating pieces of ordnance. 

Optical Inflruments* 

Effecting tellefcopes, 12 inches. 5 
Ditto 18 inches. 8 

Ditto 2 feet. —• 12 
Ditto on a rack Hand. 21 
Achromatic profpedts for the pocket. 1 
Achromatic tellefcopes, either in nurfe 

Hein for the pocket, or mahogany 
tubes, 2 feet. — 2 

54 Ditto 3 feet. -—- 3 
54 Ditto 4 feet.   4 

49 
50 

52 
53 

CL O 

8 o 
12 o 
o o 

16 o 

2 o 

3 0 
4 o 
And 
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And fo in proportion for any other length. 

All other forts of refracting teilefcopes at the 
ufual prices. 

56 Wilfon’s pocket microfcope. 2 
57 Ditto. -- — 2 
58 Ellis’s aquatic microfcope. 2 
59 Ellis’s and Wilfon’s microfcope in one 

cafe. — — 4 
60 A tingle and double aquatic microf¬ 

cope. — — 7 
61 The double conftruCted microfcope. 6 
62 Ditto with a triangular foot in a flat 

mahogany cafe. *— 
63 Culpepper’s double microfcope. 
64 A tolar microfcope. -— 
65 A ditto. — — 
66 The new variable microfcope. 
67 A folar microfcope, to be applied to a 

new invented camera obfcura, that 
may be ufed either in the fun-fhine, 
or with a lamp contrived for that pur- 
pole in winter evenings. 

68 A pocket camera obfcura. 
69 A ditto. •— 
70 A ditto larger. 
71 A pyramidical camera obfcura in wain- 

fcot. — 
72 Ditto in mahogany. 
73 An inftrument for taking pcrfpedfcive 

views. — 
74 Concave and convex mirrors, from 

75 Prifms, from y 

76 Zografcopes for viewing prints, from 

77 Opera glafles. 
78 Ditto. 

0 Ick 6 
—■ 1 1 0 

I 5 0 
•a in wain- 

3 3 a 

4 14 6 
lerfpedtive 

—- 6 6 0 
ors, from 

6d. to 26. a 0 
s. 6d. to 2 2 0 

18s. to 3 3 0 
0 8 0 

- 0 '■5. 0 

7^ Di ; CIO 



A Catalogue of 

79 Ditto. — — i 

80 Ditto. — .— x 
81 Reading glalTes in variety of frames, 

from _ — 2S, 6d. to 3 
8 2 Spectacles for the nofe. 
83 Ditto. — .— 
84 Temple fpeCtacles. — 
85 Ditto. .-. 
86 Ditto. .-- 
87 Ditto filver — 
88 Silver double joint fpeCtacles, which 

neither prefs the nofe nor temples. 1 
89 Ditto in Reel. o 
90 Ditto. - - o 
91 Treble joint fpeCtacle for the ladies. 
92 Ditto in filver. 
93 Spectacles of brazil pebbles either in 

Reel or filver, at the ufual prices. 
94 Concave glalTes for myopes or Ihort 

lighted perfons, in great variety. 
9 5 Magick Lanthorns. 

o 
o 
o 
o 
o 
o 

1 
11 

*3 
1 

3 
3 
5 
8 

15 

1 
14 

9 

6 
o 
6 
o 
o 
o 
o 

o 
o 
o 

Pneumatical InRruments. 

4 
6 

96 A IP- pomps exclufive of any ap- 
/~\ paratus. 

97 Single barrelled. — 2 
98 Small double barrelled. 4 
99 Ditto larger. • 6 

100 A large table air pump. 10 10 
101 A large Handing air pump. 21 o 

The apparatus to either of thefe 
according to the delire of the pur- 
chafer. 

102 Portable barometers. 2 
103 Ditto with fpirit thermometers. 2 

2 
12 

o 
© 

o 
o 
o 

o 
6 

204 Ditto 

O
 v©
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104 Ditto with mercurial thermometers. 440, 
105 Ditto with ditto and hygrometers. 4 14 6 
106 Ditto with ditto and ditto, with glafs 

doors. --— 660 
107 Other barometers with open cifterns 

of feveral curious conftru&ions, of a 
new contrivance, with diagonal ba¬ 
rometers, either with fingle, double 
or triple tubes. Wheel barome¬ 
ters, &c. all at reafonable prices. 

108 Farenheidt’s thermometers. 1 11 6 
109 Ditto for the pocket. 1 1 o 
no Botanic thermometers. o 18 o 

Aftronomical and Geographical Inftruments* 

111 TVTEW Globes accurately deline- 
ated, neatly engraved, and a^ 

dapted to an apparatus eafy in appli¬ 
cation, and extenfive in their ufe, 
18 inches diameter in ftained 
frames. -- 990 

112 Ditto in mahogany frames. n n o 
113 Ditto in carved frames. 24 o o 
114 New globes, 12 inches diameter in 

ftained frames. ■-- 5 5° 
115 Ditto in mahogany frames. 6 16 6 
116 New globes, 6 inches diameter in 

ftained frames. 
117 Ditto in mahogany frames. 
118 Globes 3 inches diameter in frames. 1 11 6 
119 Ditto in black cafes for the pocket, o 10 6 
120 Globes mounted with wheel-work, 

at various prices. 

121 Armillary fpheres, 12 inches diame¬ 
ter. -—- 2:1 o o 

Z 122 An 

© 
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122 An armillaryvdialling fphere, fo con- 
trived as to explain the reafon and 
nature, as well as to folve the moll 
ufeful problems in fpherics, and il- 
luftrate the theory of dialling, and 
is itfelf an univerfal fun-dial. 

123 A fphere fhewing the real and appa¬ 
rent motion of the heavens, and 
folving the problems depending 
thereon. 

124 A planetarium, by which the annual 
motion of the planets, their fimati- 
ons and pofitions with refpedl to 
the earth and fun, as well as to each 
other, with their direct ftationary 
and retrograde appearances are 
clearly illuftrated. 18 18 a 

125 A tellurian, which explains the diur¬ 
nal and annual motions of the earth 
and moon ; fhevvs the inclination 
and retrograde motion of the moon’s 
orbit, and thereby the caufes or the 
edipfes of the fun and moon, the 
caufes of day and night, the vicaf¬ 
fe udes of the feafons, the phafes 
of the moon, the difference between 
a periodical and fynodical month, 
the rifing, fouthing, meridian alti¬ 
tude, declination, amplitude, and 
fetting of the fun and moon, &c. 26 15 o 

126 Orreries, which drew all the above 
phenomena, with the motion of the 
inferior planets only, or with the 
motions of all the fuperior planets 
and their fatellites, with many im¬ 
provements, are made by me at 
various prices^ according to the 

intention 

0 
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intention or defire of the perfons 
who propofe to be purchafers, from 

n 

130 guineas, to 
Smaller inftruments of this kind 

defigned to fnew only a few of the 
particular phenomena, are made at 
various prices, 

327 Ailronomical quadrants, 3 feet radi¬ 
us. - -—— 

328 Ditto, 2 feet radius, 
329 Ditto, 18 inches radius, 
130 Ditto, 12 inches radius. 

And all other aftronomical in¬ 
ftruments, as fe&ors for obferving 
angular diftances and differences in 
right afcention, equal altitude in¬ 
ftruments, and tranfit inftruments, 
&c. of various prices according 
to their ftze, &c. 

1500 o o 

130 0 0 
70 0 0 

5° 0 0 

3i IO 0 

Navigation Inftruments. 

ni T TADLEY3s quadrant. 2 
332 11 Ditto.    2 4 Ditto. —•: 3 
334 Ditto. —— > 4 
135 Hadley’s fextant. .— 8 
136 Dr. Knight’s fleering compafs. 2 

137 *-• azimuth compafs. 5 
Thefe with all forts of fcales, 

rules, and all the inftruments ufed in 
experiments of natural philofophy, 
'for mechanicks, pneumatics, hy- 
droftatics, &c. are made, when or¬ 
dered, at moderate prices. 

o 
12 

3 
4 
8 

12 

15 

o 
6 
o 
o 
o 
6 
6 

To 
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To enumerate all the various articles that are 
ufed in making experiments, or for other purpo- 
fes, would alone fill a volume. I have therefore 
fele<5ted the principal inftruments in ufe, to moft 
of which I have affixed prices and numbers, for 
the eafe of thofe gentlemen and ladies at any difi 
tance from London, who may .hav^occafion to 
write for any of the above inftruments, 

* To their humble fervant, 

GEORGE ADAMS, - 

At No. 60. in Fleet-Street, London, 
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